5.0 Persons and Agencies Consulted

5.1 Federal Agencies
United States Fish and Wildlife Service
National Marine Fisheries Service
United States Army Corps of Engineers

5.2 State Agencies
Oregon State Office of Archaeology and Historic Preservation
Oregon Department of Fish and Wildlife
Oregon Department of Environmental Quality
Oregon Division of State Lands
Oregon Department of Land Conservation and State Lands
Energy Facility Siting Council, Oregon Department of Energy
Oregon Department of Transportation

5.3 Local Agencies
Linn County Planning and Building Department
Marion County Planning and Building Department
Marion County Department of Community Devel opment

5.4 Tribes
Confederated Tribes of Grand Ronde

5.5 Utilities
Portland General Electric

5.6 Landowners
There are approximately 100 landowners on the mailing list.
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7.0 Glossary and Acronyms

Acronyms
A
BPA
CWA
DLC
EFH
EMF
EMI
EPA
ESU
FAA
FCC
FEMA
NAS
NEPA
NESC
NIEHS
NPDES
NRC
NWI
ODFW
PEM
PGE
PFO
PSS
RI
ROW

Santiam-Bethel EA

Ampere

Bonneville Power Administration

Clean Water Act

Donation Land Claim

Essential Fish Habitat

Electric and magnetic fields
Electromagnetic Interference
Environmental Protection Agency
Evolutionarily Significant Unit

Federal Aviation Administration

Federal Communication Commission
Federal Emergency Management Agency
National Academy of Sciences

National Environmental Policy Act
National Electrical Safety Code

National Institute of Environmental Health Sciences
National Pollutant Discharge Elimination System
National Research Council

National Wetland Inventory

Oregon Department of Fish and Wildlife
Palustrine emergent

Portland General Electric

Palustrine forested

Palustrine scrub-shrub

Radio Interference

Right-of-way

55



SWPP
TVI
USFWS
USGS

Technical Terms
Anadromous

Alluvium

Arcing

Biological Assessment

Blackouts

Capacity
Circuit
Conductor

Corona

Danger tree
Double-circuit line

56

Stormwater Pollution Prevention
Television Interference

U.S. Fish and Wildlife Service
U.S. Geologica Service

Refers to fish such as salmon that hatch and rear in fresh water,
move to the ocean to mature, and then return to fresh water to
reproduce.

Material such as sand, silt, or clay that has been deposited on land
by running water of streams and rivers.

The process of current flowing across a gap, such as fault current
flowing across an insulator string that flashed over dueto a
lightening strike.

A document required by the Endangered Species Act, which
requires an evaluation of potential effects on listed species and
critical habitat prior to implementing a proposed action. A
proposed action is defined as any activity authorized, funded or
carried out by a federal agency.

The disconnection of the source of eectricity from all the electrical
loads in a certain geographical area. Brought about by an
emergency forced outage or other fault in the generation,
transmission or distribution system serving the area.

A measure of the ability of the transmission line to carry
electricity.

A system of conductors through which an electric current is
intended to flow.

Any metallic material, usually in the form of wire, cable, or bar,
suitable for carrying an electrical current.

The phenomenon whereby the electric field associated with a
power line cause ionization (molecular breakdown) of surrounding
air, thus creating a high-frequency noise. This noise can be heard
as static over an automobile radio when travelling under the power
line.

Trees that pose a danger or hazard to the transmission line.

To place two separate electrical circuits on the same transmission
structures or poles. Each circuit contains three separate conductors
or bundles of conductors.
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Floodplain

L attice stedl

Load

Median
Mitigation

National Electrical Safety
Code (NESC)

National Environmental
Policy Act (NEPA)

Noxious weeds

Outage

Overload

Santiam-Bethel EA

That portion of ariver valley adjacent to the stream channel which
is covered with water when the stream overflows its banks during
flood stage.

Refers to transmission towers constructed of multiple steel
members that are connected together (usually in triangular shapes)
to make up aframe.

The amount of electric energy delivered or required at any specific
point or points on a system. Load originates primarily at the energy
using equipment of consumers, such as heaters, air conditioners,
lights and motors. At BPA, load includes delivery to direct service
industries (Note: Load is slightly larger than metered energy
because of normal transmission and distribution lossesin delivery
from generator to consumer). Because loads are used to determine
resource requirements, forecasts of electricity use are converted to
loads.

The middle number in a given sequence of numbers.

Steps taken to remove or lessen the effects predicted for each
resource, as potentially caused by the transmission project. They
may include reducing the impact, compensating for the impact, or
avoiding it entirely. Some measures, such as adjusting the location
of the towersto avoid a particular resource, are taken during the
study and location process. Others, such as reseeding access roads,
and/or avoiding the proliferation of weeds, are taken following
project completion.

Written standards for the design, construction, maintenance and
operation of electric supply and communication lines, equipment,
and supply station in order to safeguard persons from hazards
associated with those activities.

A 1969 federal law that required evaluation of the environmental
impact of federally funded projects and programs.

Plants that are injurious to public health, crops, livestock, land, or
other property.

An event, caused by a disturbance on the electrical system, that
requires BPA to remove a piece of equipment or a section of line
from service. The disturbance can be either natural or caused by
humans.

When too much current flows through transmission facilities that
could cause damage or overheating. In the event of overloading,
equipment has safeguards to disconnect it from the flow of
electricity.
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Palustrine emergent wetland A shallow freshwater wetland characterized by erect, rotted,

Palustrine forested wetland

Palustrine scrub-shrub
wetland

Peak load

Per capita
Reliability

Right-of-way (ROW)

Single-circuit

Substation

Tap

Transmission grid

Transmission line
Voltage

Wetlands
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herbaceous hydrophytes (water loving plants).

A wetland characterized by woody vegetation that is 20 feet or
more in height.

A wetland dominated by woody vegetation less than 20 feet tall.
This vegetation includes true shrubs, young trees, and trees and
shrubs that are small or stunted because of environmental
conditions.

The maximum electrical load or the maximum average load during
adesignated interval such as 15 minutes.

Per person

The measure of the ability of a power system to provide
uninterrupted service, even while that system is under stress.

An easement for a certain purpose over the land of another, such as
astrip of land, electric transmission line ditch or pipeline. BPA
usually acquires easements for its transmission lines, roads and
other facilities such as guys and anchors.

One electrical circuit consisting of three separate conductors or
three bundles of conductors.

A non-generating electrical power station that serves to transform
voltages to higher or lower levels, and that serves as a delivery
point to individual customers such as utilities or large industrial
plants. The BPA system has more than 400 substations.

A short transmission line that connects a substation to an existing
transmission line.

An interconnected network of transmission lines and associated
equipment for the bulk transfer of electric energy between points
of supply and demand. The BPA transmission grid includes some
22,500 circuit kilometers (14,00 circuit miles) of lines connecting
more than 400 substations in the Pacific Northwest. The main grid
consists of 230-kV, 345-kV, and 500-kV transmission lines.

A high-voltage power line used to carry electric power efficiently
over long distances.

The driving force that cause a current to flow in an electric circuit.
Voltage and volt are often used interchangeably.

An areawhere the soil experiences anaerobic conditions because
of inundation of water during part of any given year. Indicators of
awetland include types of plants, soil characteristics and
hydrology.
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ELECTRICAL EFFECTSFROM

THE PROPOSED SANTIAM - BETHEL TRANSMISSION
PROJECT

1.0 Introduction

The Bonneville Power Administration (BPA) is proposing to build a 16.7-mile (mi.) (26.9-kilometer
[km]) 230-kilovalt (kV) transmission line from the Santiam Substation near Stayton, Oregon, to atap
point on the existing PGE 230-kV Bethel line near Salem, Oregon. The proposed Santiam - Bethel
Transmission Project would replace 16.7 mi. (26.9 km) of the single-circuit Santiam - Chemawa 230-kV
line with a double-circuit 230-kV line. The proposed double-circuit line would consist of the new
Santiam - Bethel 230-kV line and the rebuilt Santiam - Chemawa 230-kV line. Configurations along the
existing line route include the right-of-way with no parallel lines (15.2 mi. or 24.5 km) and the right-of-
way parallel to an existing 500-kV line (1.5 mi. or 2.4 km). The purpose of thisreport is to describe and
quantify the electrical effects of the proposed Santiam - Bethel Transmission Project. These include the
following:

» thelevels of 60-hertz (Hz; cycles per second) electric and magnetic fields (EMF) at 3.28 feet (ft.)
or 1 meter (m) above the ground,

+ the effects associated with those fields,
» thelevels of audible noise produced by the line, and

» electromagnetic interference associated with the line.

Electrical effects occur near all transmission lines, including those already present along the proposed
route for the Santiam - Bethel line. Therefore, the levels of these quantities for the proposed line are
computed and compared with those from the existing lines along the route.

The voltage on the conductors of transmission lines generates an electric field in the space between the
conductors and the ground. The electric field is calculated or measured in units of volts-per-meter (V/m)
or kilovolts-per-meter (kV/m) at a height of 3.28 ft. (1 m) above the ground. The current flowing in the
conductors of the transmission line generates a magnetic field in the air and earth near the transmission
line; current is expressed in units of amperes (A). The magnetic field is expressed in milligauss (mG),
and is usually measured or calculated at a height of 3.28 ft. (1 m) above the ground. The electric field at
the surface of the conductors causes the phenomenon of corona. Coronais the electrical breakdown or
ionization of air in very strong electric fields, and is the source of audible noise, electromagnetic
radiation, and visible light.

To quantify EMF levels along the route, the electric and magnetic fields from the proposed and existing
lines were calculated using the BPA Corona and Field Effects Program (USDOE, undated). In this
program, the calculation of 60-Hz fields uses standard superposition techniques for vector fields from
several line sources: in this case, the line sources are transmission-line conductors. (Vector fields have
both magnitude and direction: these must be taken into account when combining fields from different
sources.) Important input parameters to the computer program are voltage, current, and geometric
configuration of theline. The transmission-line conductors are assumed to be straight, parallel to each
other, and located above and parallel to aninfinite flat ground plane. Although such conditions do not
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occur under real lines because of conductor sag and variable terrain, the validity and limitations of
calculations using these assumptions have been well verified by comparisons with measurements. This
approach was used to estimate fields for the proposed Santiam - Bethel line, where minimum clearances
were assumed to provide worst-case (highest) estimates for the fields.

Electric fields are calculated using an imaging method. Fields from the conductors and their imagesin
the ground plane are superimposed with the proper magnitude and phase to produce the total field at a
selected |ocation.

The total magnetic field is calculated from the vector summation of the fields from currentsin all the
transmission-line conductors. Balanced currents are assumed for each three-phase circuit; the
contribution of induced image currents in the conductive earth is not included. Peak currents and power
flow direction for the proposed and existing lines were provided by BPA and are based on the projected
winter peak power loadsin 2006. In the case of corridors with more than one line, calculations were
performed for similar (maximum) current conditions on both lines.

Electric and magnetic fields for the proposed line were calculated at the standard height (3.28 ft. or 1 m)
above the ground (IEEE, 1987). Calculations were performed out to 300 ft. (91 m) from the centerline of
the existing corridor. The validity and limitations of such calculations have been well verified by
measurements. Because maximum voltage, maximum current, and minimum conductor height above-
ground are used, the calculated values given here represent worst-case conditions: i.e., the calculated
fields are higher than they would be in practice. Such worst-case conditions would seldom occur.

The corona performance of the proposed line was also predicted using the BPA Corona and Field Effects
Program (USDOE, undated). Corona performance is calculated using empirical equations that have been
developed over several years from the results of measurements on numerous high-voltage lines (Chartier
and Stearns, 1981; Chartier, 1983). The validity of this approach for corona-generated audible noise has
been demonstrated through comparisons with measurements on other lines all over the United States
(IEEE Committee Report, 1982). The accuracy of this method for predicting corona-generated radio and
television interference from transmission lines has also been established (Olsen et al., 1992). Important
input parameters to the computer program are voltage, current, conductor size, and geometric
configuration of theline.

Coronais ahighly variable phenomenon that depends on conditions along a length of line. Predictions of
the levels of corona effects are reported in statistical termsto account for this variability. Calculations of
audible noise and electromagnetic interference levels were made under conditions of an estimated
average operating voltage (235 kV for the proposed line) and with the average line height (43 ft. or

13.1 m). Levelsof audible noise, radio interference, and television interference are predicted for both
fair and foul weather; however, coronais basically afoul-weather phenomenon. Wet conductors can
occur during periods of rain, fog, snow, or icing. Along the route of the proposed Santiam - Bethel
transmission line, such conditions are expected to occur about 22% of the time during a year, based on
hourly records for the Salem airport from 1996 to 1999. Corona activity also increases with atitude. For
purposes of evaluating corona effects from the proposed line, an altitude of 500 ft. (152 m) was assumed.
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2.0 Physical Description

21  Proposed Line

The proposed double-circuit line would consist of two three-phase circuits, the new Santiam - Bethel
230-kV line and the rebuilt Santiam - Chemawa 230-kV line. Both circuits would have maximum phase-
to-phase voltages of 242 kV. The average voltage of the lineswould be 235 kV. The maximum
electrical current on the lines would be 755 and 644 amperes per phase for the Santiam - Bethel and
Santiam - Chemawa lines, respectively. The estimated currents are based on the BPA projected normal
winter peak load in 2006. The load factor for these loadsis 0.60 (average load = peak load x load factor).
BPA provided the physical and operating characteristics of the proposed and existing lines.

The physical dimensions and electrical characteristics for the configuration of the proposed line are
shown in Figure 1, and summarized in Table 1. Each phase of the proposed and rebuilt 230-kV lines will
have asingle 1.600-inch (in.) (4.1 centimeter [cm]) diameter steel-reinforced aluminum conductor
(ACSR). Voltage and current waves are displaced by 120° in time (one-third of a cycle) on each
electrical phase. The horizontal phase spacing between the upper and lower conductor positions of the
two circuits would be 24.5 ft. (7.5 m); the horizontal spacing between the middle conductor positions
would be 40.5 ft. (12.3 m). The vertical spacing between the conductor positions would be 18 ft. (5.5 m).
Minimum conductor-to-ground clearance would be 31 ft. (9.5 m) at a conductor temperature of 122°F
(50°C), which represents maximum operating conditions and high ambient air temperatures; clearances
above ground would be greater under normal operating temperatures. The average clearance above
ground along a span will be approximately 43 ft. (13.1 m); this value was used for corona calculations.
At road crossings, the ground clearance would be at least 39 ft. (11.9 m). The 31-ft. (9.5-m) minimum
clearance provided by BPA is greater than the minimum distance of the conductors above ground
required to meet the National Electric Safety Code (NESC) (IEEE, 1990). Thefinal design of the
proposed line could entail larger clearances. The right-of-way width for the proposed lineis 125 ft. (38
my.

2.2  ExistingLines

The proposed double-circuit 230-kV line would replace a section of the existing Santiam - Chemawa
230-kV line aong the entire route. There are two possible configurations along the existing Santiam -
Chemawalineroute: either no paralel line or parallel to the existing BPA Marion - Santiam No. 1 and
No. 2 double-circuit 500-kV line (Table 2).

BPA provided information on currents for the existing Santiam - Chemawa line and for the Marion -
Santiam No.1 500-kV line. The Marion - Santiam No. 2 line is not energized. The physical and

electrical characteristics of the corridor configurations that were analyzed are given in Table 1; cross-
sections of the corridors are shown in Figure 1.

3.0 ElectricFidd

3.1 Basic Concepts
Anelectricfield issaid to exist in aregion of space if an electrical charge, at rest in that space,

experiences aforce of electrical origin (i.e., electric fields cause free charges to move). Electricfieldisa
vector quantity: that is, it has both magnitude and direction. The direction corresponds to the direction
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that a positive charge would movein the field. Sources of electric fields are unbalanced electrical
charges (positive or negative) and time-varying magnetic fields. Transmission lines, distribution lines,
house wiring, and appliances generate electric fieldsin their vicinity because of unbalanced el ectrical
charge on energized conductors. The unbalanced charge is associated with the voltage on the energized
system. On the power system in North America, the voltage and charge on the energized conductors are
cyclic (plusto minus to plus) at arate of 60 times per second. This changing voltage resultsin electric
fields near sources that are also time-varying at a frequency of 60 hertz (Hz; afrequency unit equivalent
to cycles per second).

Asnoted earlier, electric fields are expressed in units of volts per meter (VV/m) or kilovolts (thousands of
volts) per meter (kV/m). Electric- and magnetic-field magnitudes in this report are expressed in root-
mean-square (rms) units. For sinusoidal waves, the rms amplitude is given as the peak amplitude divided
by the square root of two.

The spatial uniformity of an electric field depends on the source of the field and the distance from that
source. On the ground, under a transmission line, the electric field is nearly constant in magnitude and
direction over distances of several feet (1 meter). However, close to transmission- or distribution-line
conductors, the field decreases rapidly with distance from the conductors. Similarly, near small sources
such as appliances, the field is not uniform and falls off even more rapidly with distance from the device.
If an energized conductor (source) isinside a grounded conducting enclosure, then the electric field
outside the enclosure is zero, and the sourceis said to be shielded.

Electric fields interact with the charges in all matter, including living systems. When a conducting
object, such asavehicle or person, islocated in atime-varying electric field near atransmission line, the
external electric field exerts forces on the chargesin the object, and electric fields and currents are
induced in the object. If the object is grounded, then the total current induced in the body (the "short-
circuit current”) flows to earth. The distribution of the currents within, say, the human body, depends on
the electrical conductivities of various parts of the body: for example, muscle and blood have higher
conductivity than bone and would therefore experience higher currents.

At the boundary surface between air and the conducting object, the field in the air and perpendicular to
the conductor surface is much, much larger than the field in the conductor itself. For example, the
average surface field on a human standing in a10 kV/mfield is 27 kV/m; the internal fieldsin the body
are much smaller: approximately 0.008 V/m in the torso and 0.45 V/m in the ankles.

3.2 Transmission-line Electric Fields

The electric field created by a high-voltage transmission line extends from the energized conductorsto
other conducting objects such as the ground, towers, vegetation, buildings, vehicles, and people. The
calculated strength of the electric field at a height of 3.28 ft. (1 m) above an unvegetated, flat earth is
frequently used to describe the electric field under straight parallel transmission lines. The most
important transmission-line parameters that determine the electric field at a 1-m height are conductor
height above ground and line voltage.

Calculations of electric fields from transmission lines are performed with computer programs based on
well-known physical principles (cf., Deno and Zaffanella, 1982). The calculated values under these
conditions represent an ideal situation. When practical conditions approach thisideal model,
measurements and calculations agree. Often, however, conditions are far from ideal because of variable
terrain and vegetation. In these cases, fields are calculated for ideal conditions, with the lowest
conductor clearances to provide upper bounds on the electric field under the transmission lines. With the
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use of more complex models or empirical results, it is also possible to account accurately for variationsin
conductor height, topography, and changes in line direction. Because the fields from different sources
add vectoriadly, it is possible to compute the fields from several different linesif the electrical

and geometrical properties of the lines are known. However, in general, electric fields near transmission
lines with vegetation below are highly complex and cannot be calculated. Measured fieldsin such
situations are highly variable.

For evaluation of EMF from transmission lines, the fields must be calculated for a specific line condition.
The NESC states the condition for evaluating el ectric-field-induced short-circuit current for lines with
voltage above 98 kV, line-to-ground, as follows: conductors are at a minimum clearance from ground
corresponding to a conductor temperature of 120°F (49°C), and at a maximum voltage (IEEE, 1990).
BPA has supplied the needed information for cal culating el ectric and magnetic fields from the proposed
transmission lines: the maximum operating voltage, the estimated peak current in 2006, and the
minimum conductor clearances.

There are standard techniques for measuring transmission-line electric fields (IEEE, 1987). Provided that
the conditions at a measurement site closely approximate those of the ideal situation assumed for
calculations, measurements of electric fields agree well with the calculated values. If theideal conditions
are not approximated, the measured field can differ substantially from calculated values. Usually the
actual electric field at ground level is reduced from the cal culated val ues by various common objects that
act as shields.

Maximum or peak field values occur over a small area at midspan, where conductors are closest to

the ground. Asthe location of an electric-field profile approaches a tower, the conductor clearance
increases, and the peak field decreases. A grounded tower will reduce the electric field considerably by
shielding. For the parallel-line configuration considered here, minimum conductor clearances were
assumed to occur along the same lateral profile for both lines. This condition will not necessarily occur
in practice, because the towers for the parallel lines may be offset or located at different elevations. The
assumption of simultaneous minimum clearance results in peak fields that may be larger than what occurs
in practice.

For traditional transmission lines, such as the proposed line, where the right-of-way extends laterally well
beyond the conductors, electric fields at the edge of the right-of-way are not as sensitive as the peak field
to conductor height. Computed values at the edge of the right-of-way for any line height are fairly
representative of what can be expected all along the transmission-line corridor. However, the presence of
vegetation on and at the edge of the right-of-way will reduce actual electric-field levels below cal culated
values.

3.3 Calculated Values of Electric Fidlds

Table 3 shows the calculated values of electric field at 3.28 ft. (1 m) above ground for the proposed
Santiam - Bethel 230-kV transmission-line configurations. The peak value on the right-of-way and the
value at the edge of the right-of-way are given for the two proposed corridor configurations and for
minimum and average conductor clearances. Figure 2ashows lateral profiles for the electric field from
the proposed and existing lines for the minimum conductor heights. Figure 2b shows calculated fields
for the proposed and existing lines in the configuration with a parallel 500-kV line.

The calculated peak electric field expected on the right-of-way of the proposed lineis 2.5 kV/m when
there are no parallel lines. Asshown in Figure 2a, the peak values would be present only at |ocations
directly under the line, near mid-span, where the conductors are at the minimum clearance. The
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conditions of minimum conductor clearance at maximum current and maximum voltage occur very
infrequently. The calculated peak levels are rarely reached under real-life conditions, because the actual
line height is generally above the minimum value used in the computer model, because the actual voltage
is below the maximum value used in the model, and because vegetation within and near the edge of the
right-of-way tends to shield the field at ground level. Maximum electric field under the existing parallel
500-kV is8.1 kV/m.

The largest values expected at the edge of the right-of-way nearest the proposed line would be 0.4 kV/m.
For the parallel configuration, the field at the edge of the right-of-way nearest the 500-kV line would be
0.3kV/m. The largest electric fields at the edges of the existing rights-of-way are 1.3 and 2.6 kV/m for
the 230- and 500-kV lines, respectively.

34 Environmental Electric Fields

The electric fields associated with the Santiam - Bethel line can be compared with those found in other
environments. Sources of 60-Hz electric (and magnetic) fields exist everywhere electricity is used; levels
of these fields in the modern environment vary over awide range. Electric-field levels associated with
the use of electrical energy are orders of magnitude greater than the naturally occurring 60-Hz fields of
about 0.0001 V/m, which stem from atmospheric and extraterrestrial sources.

Electric fields in outdoor, publicly accessible places range from less than 1 V/mto 12 kV/m; the large
fields exist close to high-voltage transmission lines of 500 kV or higher. In remote areas without
electrical service, 60-Hz field levels can be much lower than 1 V/m. Electric fields in home and work
environments generally are not spatially uniform like those of transmission lines; therefore, care must be
taken when making comparisons between fields from different sources such as appliances and electric
lines. In addition, fields from all sources can be strongly modified by the presence of conducting objects.
However, it is helpful to know the levels of electric fields generated in domestic and office environments
in order to compare commonly experienced field levels with those near transmission lines.

Numerous measurements of residential electric fields have been reported for various parts of the United
States, Canada, and Europe. Although there have been no large studies of residential electric fields,
sufficient data are available to indicate field levels and characteristics. Measurements of domestic 60-Hz
electric fieldsindicate that levels are highly variable and source-dependent. Electric-field levels are not
easily predicted because walls and other objects act as shields, because conducting objects perturb the
field, and because homes contain numerous localized sources. Internal sources (wiring, fixtures, and
appliances) seem to predominate in producing electric fieldsinside houses. Average measured electric
fieldsin residences are generally in the range of 5to 20 V/m. In alarge occupational exposure
monitoring project that included el ectric-field measurements at homes, average exposures for all groups
away from work were generally less than 10 V/m (Bracken, 1990).

Electric fields from household appliances are localized and decrease rapidly with distance from the
source. Local electric fields measured at 1 ft. (0.3 m) from small household appliances are typically in
the range of 30 to 60 V/m. Stopps and Janischewskyj (1979) reported electric-field measurements near
20 different appliances; at a 1-ft. (0.3-m) distance, fields ranged from 1 to 150 V/m, with a mean of

33 V/m. In another survey, reported by Deno and Zaffanella (1982), field measurements at a 1-ft.
(0.3-m) distance from common domestic and workshop sources were found to range from 3 to 70 V/m.
Thelocalized fields from appliances are not uniform, and care should be taken in comparing them with
transmission-line fields.
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Electric blankets can generate higher localized electric fields. Sheppard and Eisenbud (1977) reported
fields of 250 V/m at a distance of approximately 1 ft. (0.3 m). Florig et al. (1987) carried out extensive
empirical and theoretical analysis of electric-field exposure from electric blankets and presented results
in terms of uniform equivalent fields such as those near transmission lines. Depending on what
parameter was chosen to represent intensity of exposure and the grounding status of the subject, the
equivalent vertical 60-Hz electric-field exposure ranged from 20 to over 3500 V/m. The largest
equivalent field corresponds to the measured field on the chest with the blanket-user grounded. The
average field on the chest of an ungrounded blanket-user yields an equivalent vertical field of 960 V/m.
As manufacturers have become aware of the controversy surrounding EMF exposures, electric blankets
have been redesigned to reduce magnetic fields. However, electric fields from these “low field” blankets
are still comparable with those from older designs (Bassen et al., 1991).

Generaly, people in occupations not directly related to high-voltage equipment are exposed to electric
fields comparable with those of residential exposures. For example, the average electric field measured
in 14 commercial and retail locationsin rural Wisconsin and Michigan was 4.8 V/m (ITT Research
Institute, 1984). Median electric field was about 3.4 V/m. These values are about one-third the valuesin
residences reported in the same study. Power-frequency electric fields near video display terminals
(VTDs) are about 10 V/m, similar to those of other appliances (Harvey, 1983). Electric-field levelsin
public buildings such as shops, offices, and malls appear to be comparable with levelsin residences.

In asurvey of 1,882 volunteers from utilities, electric-field exposures were measured for 2,082 work days
and 657 non-work days (Bracken, 1990). Electric-field exposuresfor occupations other than those
directly related to high-voltage equipment were equivalent to those for non-work exposure.

Thus, except for the relatively few occupations where high-voltage sources are prevalent, electric fields
encountered in the workplace are probably similar to those of residential exposures. Evenin electric-
utility occupations where high field sources are present, exposures to high fields are limited on average
to minutes per day.

Electric fields found in publicly accessible areas near high-voltage transmission lines can typically range

up to 3 kV/m for 230-kV lines, to 10 kV/m for 500-kV lines, and to 12 kV/m for 765-kV lines. Although
these peak levels are considerably higher than the levels found in other public areas, they are present only
in limited areas on rights-of-way.

The calculated electric fields for the proposed Santiam - Bethel 230-kV transmission line are consistent
with the levels reported for other 230-kV transmission lines in Oregon and elsewhere. The electric fields
on and at the edge of the right-of-way from the proposed line will be less than those from the Santiam -
Chemawa 230-kV line that would be replaced. Electric fields from the existing 500-kV line will remain
the same and be larger than those from the proposed or existing 230-kV lines. The calculated electric
fields on the right-of-way of the proposed transmission line would be much higher than levels normally
encountered in residences and offices.

40 Magnetic Field

4.1 Basic Concepts
Magnetic fields can be characterized by the force they exert on a moving charge or on an electrical

current. Aswith the electric field, the magnetic field is avector quantity characterized by both
magnitude and direction. Electrical currents generate magnetic fields. In the case of transmission lines,
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distribution lines, house wiring, and appliances, the 60-Hz electric current flowing in the conductors
generates atime-varying, 60-Hz magnetic field in the vicinity of these sources. The strength of a
magnetic field is measured in terms of magnetic lines of force per unit area, or magnetic flux density.
The term “magnetic field,” as used here, is synonymous with magnetic flux density and is expressed in
units of Gauss (G) or milligauss (mG).

The uniformity of a magnetic field depends on the nature and proximity of the source, just as the
uniformity of an electric field does. Transmission-line-generated magnetic fields are quite uniform over
horizontal and vertical distances of several feet near the ground. However, for small sources such as
appliances, the magnetic field decreases rapidly over distances comparable with the size of the device.

The interaction of atime-varying magnetic field with conducting objects results in induced electric field
and currents in the object. A changing magnetic field through an area generates a voltage around any
conducting loop enclosing the area (Faraday's law). Thisisthe physical basisfor the operation of an
electrical transformer. For atime-varying sinusoidal magnetic field, the magnitude of the induced
voltage around the loop is proportional to the area of the loop, the frequency of thefield, and the
magnitude of the field. Theinduced voltage around the loop resultsin an induced electric field and
current flow in the loop material. Theinduced current that flows in the loop depends on the conductivity
of the loop.

4.2  Transmission-line Magnetic Fields

The magnetic field generated by currents on transmission-line conductors extends from the conductors
through the air and into the ground. The magnitude of the field at a height of 3.28 ft. (1 m) is frequently
used to describe the magnetic field under transmission lines. Because the magnetic field is not affected
by non-ferrous materials, the field is not influenced by normal objects on the ground under theline. The
direction of the maximum field varies with location. (The electric field, by contrast, is essentially
vertical near the ground.) The most important transmission-line parameters that determine the magnetic
field at 3.28 ft. (1 m) height are conductor height above ground and magnitude of the currents flowingin
the conductors. As distance from the transmission-line conductors increases, the magnetic field
decreases.

Calculations of magnetic fields from transmission lines are performed using well-known physical
principles (cf., Deno and Zaffanella, 1982). The calculated values usually represent the ideal straight
parallel-conductor configuration. For simplicity, aflat earth is usually assumed. Balanced currents
(currents of the same magnitude for each phase) are also assumed. Thisisusually valid for transmission
lines, where loads on all three phases are maintained in balance during operation. Induced image
currentsin the earth are usually ignored for calculations of magnetic field under or near the right-of-way.
Theresulting error is negligible. Only at distances greater than 300 ft. (91 m) from aline do such
contributions become significant (Deno and Zaffanella, 1982). The clearance for magnetic-field
calculations for the proposed line was the same as that used for electric-field evaluations.

Standard techniques for measuring magnetic fields near transmission lines are described in ANSI IEEE
Standard No. 644-1987 (1987). Measured magnetic fields agree well with calculated values, provided
the currents and line heights that go into the calculation correspond to the actual valuesfor theline. To
realize such agreement, it is necessary to get accurate current readings during field measurements
(because currents on transmission lines can vary considerably over short periods of time) and also to
account for all field sourcesin the vicinity of the measurements.
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Aswith electric fields, the maximum or peak magnetic fields occur in areas near the centerline and at
midspan where the conductors are the lowest. The magnetic field at the edge of the right-of-way is not
very dependent on line height. If more than onelineis present, the peak field will depend on the relative
electrical phasing of the conductors and the direction of power flow. Phasing information was available
for the parallel 500-kV line. Phasing of the proposed line was selected to minimize magnetic field at the
edge of the right-of-way.

4.3 Calculated Valuesfor Magnetic Fields

Table 4 gives the calculated values of the magnetic field at 3.28 ft. (1 m) height for the proposed 230-kV
transmission-line corridor. Field values on the right-of-way and at the edge of the right-of-way are given
for projected maximum currents during winter peak load in 2006, for minimum and average conductor
clearances. The maximum currents are 755 A on each of the three phases of the proposed Santiam -
Bethel 230-kV line and 644 A on the rebuilt Santiam - Chemawa 230-kV line. Figure 3 shows lateral
profiles of maximum magnetic field under this current condition for the two possible corridors of the
proposed 230-kV transmission line. The actual magnetic-field levels would vary, as currents on the lines
change daily and seasonally and as ambient temperature changes. Average currents over the year would
be about 60% of the maximum values. The levels shown in the figures represent the highest magnetic
fields expected for the proposed Santiam - Bethel/Santiam - Chemawa 230-kV line. Average fields over
ayear would be considerably reduced from the peak values, as aresult of increased clearances above the
minimum value and reduced currents from the maximum val ue.

The maximum calcul ated 60-Hz magnetic field expected at 3.28 ft. (1 m) above ground for the proposed
lineis 87 mG for the proposed line alone and 94 mG when the line parallels the 500-kV line. Thisfield
is calculated for the maximum current of 755 A, with the conductors at a height of 31 ft. (9.5m). The
maximum field would decrease for increased conductor clearance. For an average conductor height over
aspan of 43 ft. (13.1 m), the maximum field would be 50 mG and 58 mG for the proposed line alone and
parallel to the 500-kV line, respectively.

At the edge of the right-of-way of the proposed line, the cal culated magnetic field for maximum current
load conditionsis 26 mG. When the lineislocated parallel to the existing 500-kV line, thefield at the
edge of the right-of-way adjacent to the proposed line would be 29 mG.

The magnetic field falls off rapidly as distance from the line increases. At a distance of 200 ft. (61 m)
from the centerline of the proposed line, the field would be 4 mG for maximum current conditions. The
calculated magnetic field for maximum current would be less than 10 mG at about 120 ft. (37 m) from
the centerline.

The calculated fields for the two corridors with existing transmission lines are givenin Table 4. For the
existing lines, the peak magnetic fields on the rights-of-way are 218 mG and 108 mG, for the 230- and
500-kV lines, respectively. Fields at the edges of the existing rights-of-way are 78 mG and 50 mG for the
230- and 500-kV lines, respectively. Addition of the proposed line will not significantly change the
magnetic fields under, or at the edge of, the right-of-way of the existing 500-kV line.

4.4  Environmental Magnetic Fields

Transmission lines are not the only source of magnetic fields; as with 60-Hz electric fields, 60-Hz
magnetic fields are present throughout the environment of a society that relies on electricity as a principa
energy source. The magnetic fields associated with the proposed Santiam - Bethel 230-kV line can be
compared with fields from other sources. The range of 60-Hz magnetic-field exposuresin publicly
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accessible locations such as open spaces, transmission-line rights-of-way, streets, pedestrian walkways,
parks, shopping malls, parking lots, shops, hotels, public transportation, and so on range from less than
0.1 mG to about 1 G, with the highest values occurring near small appliances with electric motors. In
occupational settings in electric utilities, where high currents are present, magnetic-field exposures for
workers can be above 1 G. At 60 Hz, the magnitude of the natural magnetic field is approximately
0.0005 mG.

Several investigations of residential fields have been conducted. In alarge study to identify and quantify
significant sources of 60-Hz magnetic fields in residences, measurements were made in 996 houses,
randomly selected throughout the country (Zaffanella, 1993). The most common sources of residential
fields were power lines, the grounding system of residences, and appliances. Field levelswere
characterized by both point-in-time (spot) measurements and 24-hour measurements. Spot measurements
averaged over al roomsin a house exceeded 0.6 mG in 50% of the houses and 2.9 mG in 5% of houses.
Power lines generally produced the largest average fields in a house over a 24-hour period. On the other
hand, grounding system currents proved to be a more significant source of the highest fieldsin a house.
Appliances were found to produce the highest local fields, however, fields fell off rapidly with increased
distance. For example, the median field near microwave ovens was 36.9 mG at a distance of 10.5in.
(0.27 m) and 2.1 mG at 46 in. (1.17 m). Across the entire sample of 996 houses, higher magnetic fields
were found in, among others, urban areas (vs. rural); multi-unit dwellings (vs. single-family); old houses
(vs. new); and houses with grounding to a municipal water system.

In an extensive measurement project to characterize the magnetic-field exposure of the general
population, over 1000 randomly selected personsin the United States wore a personal exposure meter for
24 hours and recorded their location in asimple diary (Zaffanellaand Kalton, 1998). Based on the
measurements of 853 persons, the estimated 24-hour average exposure for the general population is

1.24 mG and the estimated median exposure is 0.88 mG. The average field “at home, not in bed” is

1.27 mG and “at home, in bed” is1.11 mG. Average personal exposures were found to be largest “at
work” (mean of 1.79 mG and median of 1.01 mG) and lowest “at home, in bed” (mean of 1.11 mG and
median of 0.49 mG). Average fieldsin school were also low (mean of 0.88 mG and median of 0.69 mG).
Factors associated with higher exposures at home were smaller residences, duplexes and apartments,
metallic rather than plastic water pipes, and nearby overhead distribution lines.

As noted above, magnetic fields from appliances are localized and decrease rapidly with distance from
the source. Localized 60-Hz magnetic fields have been measured near about 100 household appliances
such as ranges, refrigerators, electric drills, food mixers, and shavers (Gauger, 1985). At adistance of

1 ft. (0.3 m), the maximum magnetic field ranged from 0.3 to 270 mG, with 95% of the measurements
below 100 mG. Ninety-five percent of the levels at a distance of 4.9 ft. (1.5 m) were lessthan 1 mG.
Devices that use light-weight, high-torque motors with little magnetic shielding exhibited the largest
fields. These included vacuum cleaners and small hand-held appliances and tools. Microwave ovens
with large power transformers also exhibited relatively large fields. Electric blankets have been a much-
studied source of magnetic-field exposure because of the length of time they are used and because of the
close proximity to the body. Florig and Hoburg (1988) estimated that the average magnetic fieldin a
person using an electric blanket was 15 mG, and that the maximum field could be 100 mG. New "low-
field" blankets have magnetic fields at least 10 times lower than those from conventional blankets
(Bassen et al., 1991).

In a domestic magnetic-field survey, Silvaet a. (1989) measured fields near different appliances at
locations typifying normal use (e.g., sitting at atypewriter or standing at a stove). Specific appliances
with relatively large fields included can openers (n = 9), with typical fields ranging from 30 to 225 mG
and amaximum value up to 2.7 G; shavers (n = 4), with typical fields from 50 to 300 mG and maximum
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fields up to 6.9 G; and electric drills (n = 2), with typical fields from 56 to 190 mG and maximum fields
upto 1.5 G. Thefieldsfrom such appliancesfall off very rapidly with distance and are only present for
short periods. Thus, although instantaneous magnetic-field levels close to small hand-held appliances
can be quite large, they do not contribute to average area levelsin residences.

Although studies of residential magnetic fields have not al considered the same independent parameters,
the following consistent characterization of residential magnetic fields emerges from the data:

(D) External sources play alargerole in determining residential magnetic-field levels.
Transmission lines, when nearby, are an important external source. Unbalanced ground
currents on neutral conductors and other conductors, such as water pipesin and near a house,
can represent a significant source of magnetic field. Distribution lines per se, unlessthey are
quite close to aresidence, do not appear to be atraditional distance-dependent source.

2 Homes with overhead electrical service appear to have higher average fields than those with
underground service.

(©)) Appliances represent alocalized source of magnetic fields that can be much higher than
average or areafields. However, fields from appliances approach arealevels at
distances greater than 3 ft. (1 m) from the device.

Although important variables in determining residential magnetic fields have been identified,
guantification and modeling of their influence on fields at specific locations is not yet possible.
However, ageneral characterization of residential magnetic-field level ispossible: average levelsin the
United States arein the range of 0.5 to 1.0 mG, with the average field in a small number of homes
exceeding this range by as much as a factor of 10 or more. Average personal exposure levels are slightly
higher, possibly due to use of appliances and varying distances to other sources. Maximum fields can be
much higher.

Magnetic fields in commercial and retail locations are comparable with those in residences. Aswith
appliances, certain equipment or machines can be alocal source of higher magnetic fields. Utility
workers who work close to transformers, generators, cables, transmission lines, and distribution systems
clearly experience high-level fields. Other sources of fields in the workplace include motors, welding
machines, computers, and video display terminals (VDTSs). In publicly accessible indoor areas, such as
offices and stores, field levels are generally comparable with residential levels, unless a high-current
source is nearby.

Because high-current sources of magnetic field are more prevalent than high-voltage sources,
occupational environments with relatively high magnetic fields encompass a more diverse set of
occupations than do those with high electric fields. For example, in occupational magnetic-field
measurements reported by Bowman et al. (1988), the geometric mean field from 105 measurements of
magnetic field in "electrical worker" job locationswas 5.0 mG. "Electrical worker" environments
showed the following elevated magnetic-field levels (geometric mean greater than 20 mG): industria
power supplies, aternating current (ac) welding machines, and sputtering systems for electronic
assembly. For secretaries in the same study, the geometric mean field was 3.1 mG for those using VDTs
(n=6) and 1.1 mG for those not using VDTs (n = 3).

M easurements of personal exposure to magnetic fields were made for 1,882 volunteer utility workers for
atotal of 4,411 workdays (Bracken, 1990). Median workday mean exposures ranged from 0.5 mG for
clerical workers without computersto 7.2 mG for substation operators. Occupations not specifically
associated with transmission and distribution facilities had median workday exposures less than 1.5 mG,
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while those associated with such facilities had median exposures above 2.3 mG. Magnetic-field
exposures measured in homes during this study were comparabl e with those recorded in offices.

Magnetic fields in publicly accessible outdoor areas seem to be, as expected, directly related to proximity
to electric-power transmission and distribution facilities. Near such facilities, magnetic fields are
generally higher than indoors (residential). Higher-voltage facilities tend to have higher fields. Typica
maximum magnetic fields in publicly accessible areas near transmission facilities can range from less
than afew milligauss up to 300 mG or more, near heavily loaded lines operated at 230 to 765 kV. The
levels depend on the line load, conductor height, and location on the right-of-way. Because magnetic
fields near high-voltage transmission lines depend on the current in the line, they can vary daily and
seasonally. To characterize fields from the distribution system, Heroux (1987) measured 60-Hz magnetic
fields with a mobile platform along 140 mi. (223 km) of roadsin Montreal. The median field level
averaged over nine different routes was 1.6 mG, with 90% of the measurements less than about 5.1 mG.
Spot measurements indicated that typical fields directly above underground distribution systems were 5
to 19 mG. Beneath overhead distribution lines, typical fieldswere 1.5 to 5 mG on the primary side of the
transformer, and 4 to 10 mG on the secondary side. Near ground-based transformers used in residential
areas, fields were 80 to 1000 mG at the surface and 10 to 100 mG at a distance of 1 ft. (0.3 m).

The magnetic fields from the proposed 230-kV transmission line would be | ess than those from the
existing 230-kV linethat is being replaced. The fields from the proposed line would be comparable to or
less than those from existing 230-kV linesin Oregon and elsewhere. On and near the right-of-way of the
proposed line, magnetic fields would be well above average residential levels. However, the fields from
the line would decrease rapidly and approach common ambient levels at distances greater than afew
hundred feet from the line. Furthermore, the fields at the edge of the right-of-way would not be above
those encountered during normal activities near common sources such as hand-held appliances.

5.0 Electricand Magnetic Field (EMF) Effects

Possible effects associated with the interaction of EMF from transmission lines with people on and near a
right-of-way fall into two categories: short-term effects that can be perceived and may represent a
nuisance, and possible long-term health effects. Only short-term effects are discussed here. The issue of
whether there are long-term health effects associated with transmission-line fields is controversial. In
recent years, considerable research on possible biological effects of EMF has been conducted. A review
of these studies and their implications for health-related effectsis provided in a separate technical report
for the environmental assessment for the proposed Santiam - Bethel 230-kV transmission line.

51 Electric Fields: Short-term Effects

Short-term effects from transmission-line electric fields are associated with perception of induced
currents and voltages or perception of the field. Induced current or spark discharge shocks can be
experienced under certain conditions when a person contacts objectsin an electric field. Such effects
occur in the fields associated with transmission lines that have voltages of 230-kV or higher. These
effects could occur infrequently under the proposed Santiam - Bethel 230-kV line. The higher electric
fields under the existing 500-kV Marion-Santiam line are much more likely to result in such effects.

Steady-state currents are those that flow continuously after a person contacts an object and provides a
path to ground for the induced current. The amplitude of the steady-state current depends on the induced
current to the object in question and on the grounding path. The magnitude of the induced current to
vehicles and objects under the proposed line will depend on the electric-field strength and the size and
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shape of the object. When an object is electrically grounded, the voltage on the object is reduced to zero,
and it is not a source of current or voltage shocks. If the object is poorly grounded or not grounded at all,
then it acquires some voltage relative to earth and is a possible source of current or voltage shocks.

The responses of persons to steady-state current shocks have been extensively studied, and levels of
response documented (Keesey and Letcher, 1969; IEEE, 1978). Primary shocks are those that can result
in direct physiological harm. Such shocks will not be possible from induced currents under the existing
or proposed lines, because clearances above ground required by the NESC preclude such shocks from
large vehicles and grounding practices eliminate large stationary objects as sources of such shocks.

Secondary shocks are defined as those that could cause an involuntary and potentially harmful
movement, but no direct physiological harm. Secondary shocks could occur under the proposed 230-kV
line when making contact with ungrounded conducting objects such as vehicles or equipment. However,
such occurrences are anticipated to be very infrequent. Shocks, when they occur under the 230-kV line,
are most likely to be below the nuisance level. Induced currents are extremely unlikely to be perceived
off the right-of-way of the proposed line.

Induced currents are always present in electric fields under transmission lines and will be present near
the proposed line. However, during initial construction, BPA routinely grounds metal objects that are
located on or near the right-of-way. The grounding eliminates these objects as sources of induced current
and voltage shocks. Multiple grounding points are used to provide redundant paths for induced current
flow. After construction, BPA would respond to any complaints and install or repair grounding to
mitigate nuisance shocks.

Unlike fences or buildings, mobile objects such as vehicles and farm machinery cannot be grounded
permanently. Limiting the possibility of induced currents from such objects to persons is accomplished
in several ways. First, required clearances for above-ground conductors tend to limit field strengths to
levels that do not represent a hazard or nuisance. The NESC (IEEE, 1990) requires that, for lines with
voltage exceeding 98 kV line-to-ground (170 kV line-to-line), sufficient conductor clearance be
maintained to limit the induced short-circuit current in the largest anticipated vehicle under thelineto 5
milliamperes (mA) or less. This can be accomplished by limiting access or by increasing conductor
clearances in areas where large vehicles could be present. BPA and other utilities design and operate
lines to be in compliance with the NESC.

For the proposed line, conductor clearances (50°C conductor temperature) would be increased to at |east
39 ft. (11.9 m) over road crossings along the route, resulting in amaximum field of 1.7 kV/mor less at
the 3.28 ft. (1 m) height. The largest truck allowed on roads in Oregon without a special permit is 14 feet
high by 8.5 feet wide by 75 feet long (4.3 x 2.6 x 22.9 m). Theinduced currents to such avehicle
oriented perpendicular to the line in amaximum field of 1.7 kV/m (at 3.28-foot height) would be less
than 1.5 mA (Reilly, 1979). For smaller trucks, the maximum induced currents for perpendicular
orientation to the proposed line would be less than thisvalue. (Larger special-permitted trucks, such as
triple trailers, can be up to 105 feet in length. However, because they average the field over such along
distance, the maximum induced current to a 105-foot vehicle oriented perpendicular to the 230-kV line at
aroad crossing would be lessthan 1.4 mA.) Thus, the NESC 5-mA criterion would be met for
perpendicular road crossings of the proposed line. These large vehicles are not anticipated to be off
highways or oriented parallel to the proposed line. Even if they were, the NESC 5-mA criterion would
be met under the proposed line. As discussed below, these are worst-case estimates of induced currents at
road crossings; conditions for their occurrence are rare. The conductor clearance at each road crossing
would be checked during the design stage of the line to ensure that the NESC 5-mA criterion is met.
Furthermore, it is BPA policy to limit the maximum induced current from vehiclesto 2 mA in
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commercial parking lots. Line clearances would also be increased in accordance with the NESC, such as
over railroads and water areas suitable for sailboating.

Several factors tend to reduce the levels of induced current shocks from vehicles:

D Activities are distributed over the whole right-of-way, and only a small percentage of timeis
spent in areas where thefield is at or close to the maximum value.

2 At road crossings, vehicles are aligned perpendicular to the conductors, resulting in a
substantial reduction in induced current.

3 The conductor clearance at road crossings may not be at minimum values because of |ower
conductor temperatures and/or location of the road crossing away from midspan.

(4 The largest vehicles are permitted only on certain highways.

5) Off-road vehicles are in contact with soil or vegetation, which reduces shock currents
substantially.

Induced voltages occur on objects, such as vehicles, in an electric field where there is an inadequate
electrical ground. If the voltage is sufficiently high, then a spark discharge shock can occur as contact is
made with the object. Such shocks are similar to "carpet” shocks that occur, for example, when a person
touches a doorknob after walking across a carpet on adry day.

In electric fields higher than will occur under the proposed line, it is theoretically possible for a spark
discharge from the induced voltage on a large vehicle to ignite gasoline vapor during refueling. The
probability for exactly the right conditions to occur for ignition is extremely remote. The additional
clearance of conductors provided at road crossings reduces the electric field in areas where vehicles are
prevalent and reduces the chances for such events. Even so, BPA recommends that vehicles should not
be refueled under the proposed line unless specific precautions are taken to ground the vehicle and the
fueling source (USDOE, 1995).

Under certain conditions, the electric field can be perceived through hair movement on an upraised hand
or arm of a person standing on the ground under high-voltage transmission lines. The median field for
perception in this manner was 7 kV/m for 136 persons; only about 12% could perceive fields of 2 kV/m
or less (Deno and Zaffanella, 1982). Even in areas under the conductors at midspan, the fields at ground
level would be below the levels where field perception normally occurs. Therefore, it is unlikely that the
field would be perceived anywhere on the right-of-way. Where vegetation provides shielding, the field
would not be perceived.

Conductive shielding reduces both the electric field and induced effects such as shocks. Personsinside a
vehicle cab or canopy are shielded from the electric field. Similarly, arow of trees or alower-voltage
distribution line reduces the field on the ground in the vicinity. Metal pipes, wiring, and other
conductorsin aresidence or building shield the interior from the transmission-line electric field.

Thus, potential impacts of electric fields can be mitigated through grounding policies, adherence to the
NESC, and increased clearances above the minimums specified by the NESC. Worst-case levels are used
for safety analyses but, in practice, induced currents and voltages are reduced considerably by
unintentional grounding. Shielding by conducting objects, such as vehicles and vegetation, also reduces
the potentia for electric-field effects.
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The electric fields from the proposed 230-kV line will be less than those from the line it is replacing.
Therefore the potential for impacts of electric fields will be reduced from that now present on the
existing right-of-way. The potential for effects from the parallel 500-kV line will remain the same.

52 Magnetic Field: Short-term Effects

Magnetic fields associated with transmission and distribution systems can induce voltage and current in
long conducting objects that are parallel to the transmission line. Aswith electric-field induction, these
induced voltages and currents are a potential source of shocks. A fence, irrigation pipe, pipeline,
electrical distribution line, or telephone line forms a conducting loop when it is grounded at both ends.
The earth forms the other portion of the loop. The magnetic field from atransmission line can induce a
current to flow in such aloop if it is oriented parallel to theline. If only one end of the fenceis
grounded, then an induced voltage appears across the open end of the loop. The possibility for a shock
existsif aperson closes the loop at the open end by contacting both the ground and the conductor. The
magnitude of this potential shock depends on the following factors: the magnitude of the field; the length
of the abject (the longer the object, the larger the induced voltage); the orientation of the object with
respect to the transmission line (parallel as opposed to perpendicular, where no induction would occur);
and the amount of electrical resistance in the loop (high resistance limits the current flow).

Magnetically induced currents from power lines have been investigated for many years; calculation
methods and mitigating measures are available. A comprehensive study of gas pipelines near
transmission lines devel oped prediction methods and mitigation techniques specifically for induced
voltages on pipelines (Dabkowski and Taflove, 1979; Taflove and Dabkowski, 1979). Similar techniques
and procedures are available for irrigation pipes and fences. Grounding policies employed by utilities for
long fences reduce the potential magnitude of induced voltage.

The magnitude of the coupling with both pipes and fences is very dependent on the electrical unbalance
(unequal currents) among the three phases of the line. Thus, a distribution line where a phase outage
may go unnoticed for long periods of time can represent alarger source of induced currents than a
transmission line where the loads are well-balanced (Jaffa and Stewart, 1981).

Knowledge of the phenomenon, grounding practices, and the availability of mitigation measures mean
that magnetic-induction effects from the proposed 230-kV transmission line will be minimal.

Magnetic fields from transmission and distribution facilities can interfere with certain electronic
equipment. Magnetic fields can cause distortion of the image on VDTs and computer monitors. The
threshold field for interference depends on the type and size of monitor and the frequency of the field.
Interference has been observed for certain monitors at fields at or below 10 mG (Baishiki et al., 1990;
Banfa et al., 2000). Generally, the problem arises when computer monitors are in use near electrical
distribution facilities in large office buildings. Fields from the proposed line would fall below this level
at approximately 120 ft. (37 m) from the centerline.

Interference from magnetic fields can be eliminated by shielding the affected monitor or moving it to an
areawith lower fields. Similar mitigation methods could be applied to other sensitive electronics, if
necessary. Interference from 60-Hz fields with computers and control circuitsin vehicles and other
equipment is not anticipated at the field levels found under and near the proposed 230-kV transmission
line.
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The magnetic fields from the proposed line will be less than those from the existing line that is being
replaced. Therefore the potential for impacts from magnetic fields will be reduced from that on the
existing right-of-way. The potential for effects from the parallel 500-kV line will remain the same.

6.0 Regulations

Regulations that apply to transmission-line electric and magnetic fields fall into two categories. Safety
standards or codes are intended to limit or eliminate electric shocks that could seriously injure or kill
persons. Field limits or guidelines are intended to limit electric- and magnetic-field exposures that can
cause nuisance shocks or might cause health effects. In no case has alimit or standard been established
because of aknown or demonstrated health effect.

The proposed line would be designed to meet the NESC (IEEE, 1990), which specifies how far
transmission-line conductors must be from the ground and other objects. The clearances specified in the
code provide safe distances that prevent harmful shocks to workers and the public. In addition, people
who live and work near transmission lines must be aware of safety precautions to avoid electrical (which
is not necessarily physical) contact with the conductors. For example, farmers should not up-end
irrigation pipes under a transmission or other electrical line. In addition, as a matter of safety, the NESC
specifiesthat electric-field-induced currents from transmission lines must be below the 5 mA (“let go”)
threshold deemed alower limit for primary shock. BPA publishes and distributes a brochure that
describes safe practices to protect against shock hazards around power lines (USDOE, 1995).

Field limits or guidelines have been adopted in several states and countries and by national and
international organizations. Electric-field limits have generally been based on minimizing nuisance
shocks or field perception. The intent of magnetic-field limits has been to limit exposures to existing
levels, given the uncertainty of their potential for health effects.

There are currently no national standardsin the United States for 60-Hz electric and magnetic fields.
Several states have been active in establishing mandatory or suggested limits on 60-Hz electric and (in
two cases) magnetic fields. Six states have specific electric-field limits that apply to transmission lines:
Florida, Minnesota, Montana, New Jersey, New Y ork, and Oregon. Floridaand New Y ork have
established regulations for magnetic fields. These regulations are summarized in Table 5, adapted from
TDHS Report (1989).

Electric-field limits for the states have been given in terms of maximum field or edge-of -right-of-way
field, or both. The Oregon limit of 9 kV/m for electric fieldsis applied to areas accessible to the public
(Oregon, 1980). The Oregon rule, which isfound in transmission-line siting procedures also

addresses grounding practices, audible noise, and radio interference.

Government agencies and utilities operating transmission systems have established design criteria that
include EMF levels. BPA has maximum allowable electric fields of 9 and 5 kV/m on and at the edge of
the right-of-way, respectively (USDOE, 1996). BPA also has maximum-allowable electric field strengths
of 5kV/m, 3.5 kV/m, and 2.5 kV/m for road crossings, shopping center parking lots, and commercial/
industrial parking lots, respectively. These levels are based on limiting the maximum short-circuit
currents from anticipated vehicles to less than 1 mA in shopping center lots and to lessthan 2 mA in
commercial parking lots.

Electric-field limits for overhead power lines have also been established in other countries (Maddock,
1992). Limitsfor magnetic fields from overhead power lines have not been explicitly established
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anywhere except in Florida and New Y ork. However, general guidelines and limits on EMF have been
established for occupational and public exposure in several countries and by national and international
organizations.

The American Conference of Governmental Industrial Hygienists (ACGIH) sets guidelines (Threshold
Limit Values or TLV) for occupational exposures to environmental agents (ACGIH, 2000). In generd, a
TLV represents the level below which it is believed that nearly all workers may be exposed repeatedly
without adverse health effects. For EMF, the TLV s represent ceiling levels. For 60-Hz electric fields,
occupational exposures should not exceed the TLV of 25 kV/m. However, the ACGIH also recognizes
the potentia for startle reactions from spark discharges and short-circuit currentsin fields greater than
5-7 kV/m, and recommends implementing grounding practices. They recommend the use of conductive
clothing for work in fields exceeding 15 kV/m. The TLV for occupational exposure to 60-Hz magnetic
fieldsisaceiling level of 10 G (10,000 mG) (ACGIH, 2000).

Electric and magnetic fields from various sources (including automobile ignitions, appliances, and,
possibly, transmission lines) can interfere with implanted cardiac pacemakers. In light of this potential
problem, manufacturers design devices to be immune from such interference. However, research has
shown that these efforts have not been completely successful and that afew models of pacemakers could
be affected by 60-Hz fields from transmission lines. There were also numerous models of pacemakers
that were not affected by fields even larger than those found under transmission lines. Because of the
known potential for interference with pacemakers by 60-Hz fields, field limits for pacemaker wearers
have been established by the ACGIH. They recommend that wearers of pacemakers and similar medical-
assist devices limit their exposure to electric fields of 1 kV/m or less and to magnetic fieldsto 1 G
(1,000 mG) or less (ACGIH, 2000).

The International Committee on Non-ionizing Radiation Protection (ICNIRP), working in cooperation
with the World Health Organization (WHO) has devel oped guidelines for occupational and public
exposures to EMF (ICNIRP, 1998). For occupational exposures at 60 Hz, the recommended limits to
exposure are 8.3 kV/m for electric fields and 4.2 G (4,200 mG) for magnetic fields. The electric-field
level can be exceeded, provided precautions are taken to prevent spark discharge and induced current
shocks. For the general public, the ICNIRP guidelines recommend exposure limits of 4.2 kV/m for
electric fieldsand 0.83 G (830 mG) for magnetic fields (ICNIRP, 1998).

ICNIRP has a so established guidelines for contact currents, which could occur when a grounded person
contacts an ungrounded object in an electric field. The guideline levels are 1.0 mA for occupationa
exposure and 0.5 mA for public exposure.

The estimated peak electric field and magnetic field on, and at the edge of, the right-of-way of the
proposed transmission line would meet limits set in al states, including Oregon. The electric fields from
the proposed 230-kV line would meet the ACGIH standards, provided wearers of pacemakers and similar
medi cal-assist devices are discouraged from unshielded right-of-way use. (A passenger in an automobile
under the line would be shielded from the electric field.) The electric fields from the proposed line
would meet the ICNIRP guideline for public exposure. The magnetic fields from the proposed line
would be below the ACGIH and IRPA/INIRC limits. The electric fields present on the right-of-way
could induce currents in ungrounded vehicles that exceeded the ICNIRP level of 0.5 mA.

7.0 AudibleNoise

7.1 Basic Concepts
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Audible noise (AN), as defined here, represents an unwanted sound, as from atransmission line,
transformer, airport, or vehicle traffic. Sound is a pressure wave caused by a sound source vibrating or
displacing air. The ear converts the pressure fluctuations into auditory sensations. AN from asourceis
superimposed on the background or ambient noise that is present before the source is introduced.

The amplitude of a sound wave is the incremental pressure resulting from sound above atmospheric
pressure. The sound-pressure level isthe fundamental measure of AN; it is generally measured on a
logarithmic scale with respect to areference pressure. The sound-pressure level (SPL) in decibels (dB)
isgiven by:

SPL =20 log (P/P.)dB

where P isthe effective rms (root-mean-sguare) sound pressure, Py is the reference pressure, and the
logarithm (log) isto the base 10. The reference pressure for measurements concerned with hearing is
usually taken as 20 micropascals (Pa), which is the approximate threshold of hearing for the human ear.
A logarithmic scale is used to encompass the wide range of sound levels present in the environment. The
range of human hearing isfrom 0 dB up to about 140 dB, aratio of 10 million in pressure (EPA, 1978).

Logarithmic scales, such as the decibel scale, are not directly additive: to combine decibel levels, the dB
values must be converted back to their respective equivalent pressure values, the total rms pressure level
found, and the dB value of the total recalculated. For example, adding two sounds of equal level on

the dB scale resultsin a3 dB increase in sound level. Such an increase in sound pressure level of 3 dB,
which corresponds to a doubling of the energy in the sound wave, is barely discernible by the human ear.
It requires an increase of about 10 dB in SPL to produce a subjective doubling of sound level for humans.
The upper range of hearing for humans (140 dB) corresponds to a sharply painful response (EPA, 1978).

Humans respond to sounds in the frequency range of 16 to 20,000 Hz. The human response depends on
frequency, with the most sensitive range roughly between 2000 and 4000 Hz. The frequency-dependent
sensitivity is reflected in various weighting scales for measuring audible noise. The A-weighted scale
weights the various frequency components of a noise in approximately the same way that the human ear
responds. Thisscaleis generally used to measure and describe levels of environmental sounds such as
those from vehicles or occupational sources. The A-weighted scale is also used to characterize
transmission-line noise. Sound levels measured on the A-scale are expressed in units of dB(A) or dBA.

AN levelsand, in particular, corona-generated audible noise (see below) vary intime. In order to
account for fluctuating sound levels, statistical descriptors have been developed for environmental noise.
Exceedence levels (L levels) refer to the A-weighted sound level that is exceeded for a specified
percentage of thetime. Thus, the Ls level refersto the noise level that is exceeded only 5% of the time.
Lo refersto the sound level exceeded 50% of the time. Sound-level measurements and predictions for
transmission lines are often expressed in terms of exceedence levels, with the Ls level representing the
maximum level and the Ls, level representing a median level.

Table 6 shows AN levels from various common sources. Clearly, thereiswide variation. Noise
exposure depends on how much time an individual spendsin different locations. Outdoor noise generally
does not contribute to indoor levels (EPA, 1974). Activitiesin abuilding or residence generally
dominate interior AN levels. The amount of sound attenuation (reduction) provided by buildingsis given
in Table 7. Assuming that residences along the line route fall in the "warm climate, windows open”
category, the typical sound attenuation provided by ahouseis about 12 dBA.
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The BPA design criterion for corona-generated audible noise (Lo, foul weather) is50 +2 dBA at the edge
of the ROW. This criterion has been interpreted by the state and BPA to meet Oregon Noise Control
Regulations (Perry, 1982). The Environmental Protection Agency (EPA) has established a guideline of
55 dBA for the annual average day-night level (Lg,) in outdoor areas (EPA, 1978). In computing this
value, a 10 dB correction (penalty) is added to night-time noise between the hours of 10 p.m. and 7 am.

7.2 Transmission-line Audible Noise

Coronaisthe partial electrical breakdown of the insulating properties of air around the conductors of a
transmission line. In asmall volume near the surface of the conductors, energy and heat are dissipated.
Part of this energy isin the form of small local pressure changes that result in audible noise. Corona-
generated audible noise can be characterized as a hissing, crackling sound that, under certain conditions,
is accompanied by a 120-Hz hum.

Corona-generated audible noise is of concern primarily for contemporary lines operating at voltages of
345 kV and higher during foul weather. Thusin the area where the proposed 230-kV line parallels a 500-
kV line, audible noise from the higher voltage line will predominate. In other areas, the proposed 230-
kV linewill produce some noise under foul-weather conditions.

The conductors of high-voltage transmission lines are designed to be corona-free under ideal conditions.
However, protrusions on the conductor surface—particularly water droplets on or dripping off the
conductors—cause electric fields near the conductor surface to exceed corona onset levels, and corona
occurs. Therefore, audible noise from transmission lines is generally afoul-weather (wet-conductor)
phenomenon. Wet conductors can occur during periods of rain, fog, snow, or icing. Based on
meteorol ogic records near the route of the proposed transmission line, such conditions are expected to
occur less than 22% of the time during the year. For afew months after line construction, residual grease
or oil on the conductors can cause water to bead up on the surface. This resultsin more corona sources
and dlightly higher levels of audible noise and electromagnetic interference if the line is energized.
However, the new conductors "age" in afew months, and the level of corona activity decreasesto the
predicted equilibrium value. During fair weather, insects and dust on the conductor can also serve as
sources of corona. The proposed line has been designed with 1.600-in. (4.1-cm) diameter conductors that
will yield acceptable coronalevels.

7.3 Predicted Audible Noise Levels

The predicted levels of corona-generated audible noise for the proposed line operated at a voltage of
235kV aregivenin Table 8. For comparison, Table 8 also gives the calculated levels for the existing
lines. Audible noise levels are calculated for average voltage and average conductor heights for fair- and
foul-weather conditions. The calculated median level (Lso) during foul weather at the edge of the
proposed Santiam - Bethel right-of-way is about 39 dBA, which isless than that from the existing
Santiam - Chemawa 230-kV line. Where the proposed Santiam - Bethel line parallels the Marion -
Santiam 500-kV line, noise from the higher-voltage line will predominate and there would be no change
in noise levels from existing conditions. For this configuration, the noise at the edge of the right-of-way
near the proposed line would be 47 dBA.

During fair-weather conditions, which occur about 78% of the time, audible noise levels at the edge of

the right-of-way would be about 20 dBA lower (if coronawere present). These lower levels could be
masked by ambient noise on and off the right-of-way.

Appendix A/ 19



Bonneville Power Administration/Santiam - Bethel Transmission Project
Appendix A: Electrical Effects

7.4 Discussion

The calculated foul-weather corona noise levels for the proposed line would be less than those under the
existing conditions and comparable to or less than those from existing 230-kV linesin Oregon. During
fair weather, noise from the conductors might be perceivable on the right-of-way, but beyond the right-
of-way it would likely be masked or so low as to not be perceived even during foul weather when
ambient noise is higher.

Off the right-of-way, the levels of audible noise from the proposed line would be well below the 55 dBA
level that can produce interference with speech outdoors. Since residential buildings provide significant
sound attenuation (-12 dBA with windows open; -24 dBA with windows closed), the noise levels off the
right-of-way would be well below the 45 dBA level required for interference with speech indoors and
well below the 35 dBA level where deep interference can occur (EPA, 1973; EPA, 1978). Since corona
is afoul-weather phenomenon, people tend to be inside with windows possibly closed, providing
additional attenuation when coronanoiseis present. In addition, ambient noise levels can be high during
such periods (due to rain hitting foliage or buildings), and can mask corona noise.

The 39-dBA and 47-dBA levels would meet the BPA design criterion and, hence, the Oregon Noise
Control Regulations for transmission lines. The 2 dBA decrease in noise at the edge of the right-of-way
associated with the proposed line would probably not be discernible.

The computed annual L4, level for transmission lines operating in areas with about 22% foul weather is
about L4, = Lso + 1 dB (Bracken, 1987). Therefore, assuming such conditions in the Santiam - Bethel
area, the estimated L 4, at the edge of the right-of-way would be approximately 40 or 48 dBA, whichis
below the EPA L4, guideline of 55 dBA.

75 Conclusion

Along the proposed line route, there would be slight decreases, or no change, in the perceived noise
above ambient levels during foul weather at the edges of the right-of-way. Along the existing corridor,
the corona-generated noise during foul weather would be masked to some extent by naturally occurring
sounds such aswind and rain on foliage. During fair weather, the noise off the right-of-way from the
proposed line would probably not be detectable above ambient levels. However, noise from the existing
500-kV line could be perceived as much as under existing conditions. The noise levelsfrom the
proposed line would be below levelsidentified as causing interference with speech or sleep. The audible
noise from the transmission line would be below EPA guideline levels and would meet the BPA design
criterion that complies with the Oregon State noise regulations.

8.0 Electromagnetic Interference

8.1 Basc Concepts

Corona on transmission-line conductors can aso generate electromagnetic noise in the frequency bands
used for radio and television signals. The noise can cause radio and television interference (Rl and TV1).
In certain circumstances, corona-generated electromagnetic interference (EMI) can also affect
communications systems and other sensitive receivers. Interference with electromagnetic signals by
corona-generated noise is generally associated with lines operating at voltages of 345 kV or higher. This
is especially true of interference with television signals. The 1.600-in. (4.1-cm) diameter conductor used
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in the design of the proposed 230-kV line will mitigate corona generation and thus keep radio and
television interference levels at acceptable levels.

Spark gaps on distribution lines and on low-voltage wood-pol e transmission lines are a more common
source of RI/TVI than is corona from high-voltage electrical systems. This gap-type interferenceis
primarily afair-weather phenomenon caused by |oose hardware and wires. The proposed transmission
line would be constructed with modern hardware that eliminates such problems and therefore
minimizes gap noise. Consequently, this source of EMI is not anticipated for the proposed line.

No state has limits for either Rl or TVI. In the United States, el ectromagnetic interference from power
transmission systemsis governed by the Federal Communications Commission (FCC) Rules and
Regulations presently in existence (FCC, 1988). A power transmission system fallsinto the FCC
category of "incidental radiation device," which is defined as "a device that radiates radio frequency
energy during the course of its operation although the device is not intentionally designed to generate
radio frequency energy.” Such adevice "shall be operated so that the radio frequency energy that is
emitted does not cause harmful interference. In the event that harmful interferenceis caused, the
operator of the device shall promptly take steps to eliminate the harmful interference.” For purposes of
these regulations, harmful interferenceis defined as. "any emission, radiation or induction which
endangers the functioning of aradio navigation service or of other safety services or seriously degrades,
obstructs or repeatedly interrupts a radio communication service operating in accordance with this
chapter" (FCC, 1988: Val Il, part 15. 47CFR, Ch. 1).

Electric power companies have been able to work quite well under the present FCC rule because harmful
interference can generally be eliminated. It has been estimated that more than 95% of power-line sources
that cause interference are due to gap-type discharges. These can be found and completely eliminated,
when required to prevent interference (USDOE, 1980). Complaintsrelated to corona-generated
interference occur infrequently. Thisis especially true with the advent of cable television and satellite
television, which are not subject to corona-generated interference. Mitigation of corona-generated
interference with conventional radio and television receivers can be accomplished in several ways, such
as use of adirectional antenna or relocation of an existing antenna (USDOE, 1977; USDOE, 1980;
Loftnesset al., 1981).

8.2 Radiolnterference(RI)

Radio reception in the AM broadcast band (535 to 1605 kilohertz (kHz)) is most often affected by
corona-generated EMI. FM radio reception israrely affected. Generally, only residences very near to
transmission lines can be affected by RI. The IEEE Radio Noise Design Guide identifies an
acceptable limit of fair-weather RI as expressed in decibels above 1 microvolt per meter (dBuV/m) of
about 40 dBuV/m at 100 ft. (30 m) from the outside conductor (IEEE Committee Report, 1971). As
ageneral rule, average levels during foul weather (when the conductors are wet) are 16 to 22 dBuV/m
higher than average fair-weather levels.

8.3 Predicted RI Levels

Table 9 gives the predicted fair- and foul-weather RI levels at 100 ft. (30 m) from the outside conductor
for the proposed 230-kV linein the two corridor configurations. Median foul-weather levels would be
about 17 dB higher than the fair-weather levels. The predicted L, fair-weather level at the edge of the
right-of-way is 34 dBuV/m for 235-kV line operation; at 100 ft. (30 m) from the outside conductor, the
level is26 dBuV/m. Predicted fair-weather Ls, levels are lower than that from the existing 230-kV
Santiam - Chemawa 230-kV line. Predictionsindicate that fair-weather Rl will meet the IEEE
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40 dBuV/m criterion at distances greater than about 10 ft. (3 m) from the outside conductor of the
proposed line.

84  Television Interference (TVI)

Corona-caused TV occurs during foul weather and is generally of concern for transmission lines with
voltages of 345 kV or above, and only for conventional receivers within about 600 ft. (183 m) of aline.
Asisthe casefor RI, gap sources on distribution and low-voltage transmission lines are the principal
observed sources of TVI. The use of modern hardware and construction practices for the proposed line
would minimize such sources.

85 Predicted TVI Levels

Table 10 shows TV levels predicted at 100 ft. (30 m) from the outside conductor of the proposed line
operating at 235 kV and from existing lines. At this distance, the foul-weather TV level predicted for
the proposed lineis 10 dBuV/m. Thislevel islower than that from the existing Santiam - Chemawa 230-
kV line. Replacement of the existing line with the proposed line will reduce TV levels aong the right-
of-way.

Other forms of TVI from transmission lines are signal reflection (ghosting) and signal blocking caused by
the relative locations of the transmission structure and the receiving antenna with respect to the incoming
television signal. The proposed structures are steel and larger than the existing wood structures; they
could cause reflection or ghosting and affect reception in rare instances. Television systems that operate
at higher frequencies, such as satellite receivers, are not affected by corona-generated TVI. Cable
television systems are similarly unaffected.

Interference with television reception can be corrected by any of several approaches: improving the
receiving antenna system; installing a remote antenna; installing an antennafor TV stations less
vulnerable to interference; connecting to an existing cable system; or installing atrandator (cf. USDOE,
1977). BPA has an active program to identify, investigate, and mitigate legitimate Rl and TV
complaints. It isanticipated that any instances of TVI caused by the proposed line could be effectively
mitigated.

8.6 Interference with Other Devices

Corona-generated interference can conceivably cause disruption on other communications bands such as
the citizen’s (CB) and mobile bands. However, mobile-radio communications are not susceptible to
transmission-line interference because they are generally frequency modulated (FM). Similarly, cellular
telephones operate at a frequency of about 900 MHz, which is above the frequency where corona-
generated interferenceis prevalent. 1n the unlikely event that interference occurs with these or other
communications, mitigation can be achieved with the same techniques used for television and AM radio
interference. However, the addition of the proposed line would lower interference levelsin the corridor;
consequently, no impact is anticipated.

8.7 Conclusion
Predicted EMI levelsfor the proposed 230-kV transmission line are lower than those that already exist
230-kV lines; no impacts of corona-generated interference on radio, television, or other reception are

anticipated above those aready present. Furthermore, if interference should occur, there are various
methods for correcting it: BPA has a program to respond to legitimate complaints.
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9.0 Other Corona Effects

Coronaisvisible as abluish glow or as bluish plumes. On the proposed 230-kV line, coronalevels
would be very low, so that corona on the conductors would be observable only under the darkest
conditions and only with the aid of binoculars, if at all. Without a period of adaptation for the eyes and
without intentional looking for the corona, it would not be noticeable.

When coronais present, the air surrounding the conductorsisionized and many chemical reactions take
place, producing small amounts of ozone and other oxidants. Ozone is approximately 90% of the
oxidants, while the remaining 10% is composed principally of nitrogen oxides. The national primary
ambient air quality standard for photochemical oxidants, of which ozone isthe principal component, is
235 micrograms/cubic meter) or 120 parts per billion. The maximum incremental ozone levels at ground
level produced by corona activity on the proposed transmission line during foul weather would be much
lessthan 1 part per billion. Thislevel isinsignificant when compared with natural levels and fluctuations
in natural levels.

10.0 Summary

Electric and magnetic fields from the proposed transmission line have been characterized using well-
known techniques accepted within the scientific and engineering community. The expected electric-field
levels from the proposed line at minimum design clearance would be less than those from the existing
line in the corridor and comparable to, or less than, those from other 230-kV linesin Oregon and
elsawhere. The expected magnetic-field levels from the proposed line would be | ess than those from the
existing line that would be replaced and comparable to, or less than, those from other 230-kV linesin
Oregon and elsewhere.

The peak electric field expected under the proposed line would be 2.5 kV/m; the maximum value at the
edge of the right-of-way would be about 0.4 kV/m. Clearances at road crossings would be increased to
reduce the peak electric-field valueto 1.7 kV/m.

Under maximum current conditions, the maximum magnetic fields under the proposed line would be
96 mG; at the edge of the right-of-way nearest to the proposed 230-kV line, the magnetic field would be
29 or 26 mG, depending on whether the line parallels an existing 500-kV line or not.

The electric and magnetic fields from the proposed line would meet regulatory limits for public exposure
in Oregon and other states with limits. Aslong as cardiac pacemaker wearers are discouraged from using
the right-of-way, the field levels meet the guidelines for exposure established by ACGIH and ICNIRP.

Short-term effects from transmission-line fields are well understood and can be mitigated. Nuisance
shocks arising from electric-field induced currents and voltages could be perceivable on the right-of-way
of the proposed line. BPA will ground permanent conducting objects during and after construction to
mitigate against such occurrences. Since the fields from the proposed line are less than those from the
existing line on the corridor, the potential for such effects could be reduced.

Corona-generated audible noise from the line would be less than from the existing 230-kV transmission

lines on the corridor. Audible noise levels would be in compliance with noise regulations in Oregon and
would be below levels specified in EPA guidelines.
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Corona-generated electromagnetic interference from the proposed line would be less than that from the
existing 230-kV line on the corridor and would remain below limitsidentified as acceptable. In the
unlikely event that legitimate complaints arise, BPA has a mitigation program to identify and correct
reception problems.
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Table 1: Physical and electrical characteristics of Santiam - Bethel Project
corridors

New Line Existing Corridors
Configuration I I I
Description Santiam - Santiam - Marion -
Bethel/Santiam - | Chemawa 230- | Santiam No. 1 &
Chemawa kv No. 2 500-kV
230-kV
Voltage, kV 242/235 242/235 550/540, 0/0
M aximum/Aver age1
Peak Current, A 755, -644 1043/- -889/-992, 0/0
Existing/Proposed
Electric Phasing B C B B
A B CBA AC AC
CA
Clearance, ft. 31/43 31/43 38/47
Minimum/Aver age'
Centerline Distance from - — 125
Santiam - Bethdl, ft.
Centerline distanceto edge 62.5 62.5 825
of right-of-way (ROW), ft.
Tower configuration Vertica double- Horizontal Deltadouble-
circuit circuit
Phase spacing, ft. 24.5H, 40.5H 27H 25.5H, 36.75V
18V
Conductor: 1/1.600 1/1.100 3/1.302
#/Diameter, in.

1 Average voltage and average clearance used for corona cal culations.

Table2: Possible corridorsfor Santiam - Bethel Project

Configuration | Description of other linesin corridor Miles
with Santiam - Bethel/Santiam -
Chemawa 230-kV line
I Santiam - Bethel/Santiam - Chemawa 15.2
230-kV double-circuit line only

I BPA Marion - Santiam 500-kV No. 1 and 15
No. 2 double circuit line
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Table3:

kV line operated at maximum voltage. Configurations are described in Tables 1 and 2.

a) Configuration I: Santiam - Bethel/Santiam - Chemawa 230-kV line only

Configuration

Proposed |

Existing

ROW width, ft. (m)

125 (38)

125 (38)

Calculated electric fieldsfor configurations of the proposed Santiam - Bethel/Santiam - Chemawa 230-

Line Santiam - Bethel/Santiam - Chemawa Santiam - Chemawa 230-kV
230-kV

Clearance Min. Avg. Min. Avg.

Peak field, kV/m 25 15 3.0 18

Edge of ROW, kV/m 0.3 0.4 13 11

b) Configuration I1: Santiam - Bethel/Santiam - Chemawa 230-kV and Marion - Santiam 500-kV No. 1 and No. 2 lines

Configuration Proposed 11 Existing
ROW width, ft. (m) 270 (82) 270 (82)
Line Santiam - Bethel/ Marion - Santiam No. 1| Santiam - Chemawa Marion - Santiam
Santiam - Chemawa and No. 2 500-kV 230-kV No. 1 and No. 2 500-kV
230-kV
Clearance Min. Avg. Min. Avg. Min. Avg. Min. Avg.
Peak field, kV/m 2.4 14 8.1 45 3.0 18 81 45
Edge of ROW, kV/m 0.3 0.3 25 2.6 1.3 11 25 2.6
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Table 4: Calculated magnetic fields for configurations of the proposed Santiam - Bethel/Santiam - Chemawa
230-kV line operated at maximum current. Configurations are described in Tables 1 and 2.

a) Configuration |: Santiam - Bethel/Santiam - Chemawa 230-kV line only

Configuration Proposed | Existing

ROW width, ft. (m) 125 (38) 125 (38)

Line Santiam - Bethel/Santiam - Chemawa Santiam - Chemawa 230-kV
230-kV

Clearance Min. Avg. Min. Avg.

Peak field, mG 87 50 218 139

Edge of ROW, mG 26 24 78 62

b) Configuration I1: Santiam - Bethel/Santiam - Chemawa 230-kV and Marion - Santiam 500-kV No. 1 and No. 2 lines

Configuration Proposed 11 Existing

ROW width, ft. (m) 270 (82) 270 (82)

Line Santiam - Bethel/ Marion - Santiam No. 1| Santiam - Chemawa Marion - Santiam

Santiam - Chemawa and No. 2 500-kV 230-kV No. 1 and No. 2 500-kV
230-kV

Clearance Min. Avg. Min. Avg. Min. Avg. Min. Avg.
Peak field, mG 94 58 130 67 211 135 108 57
Edge of ROW, kV/m 29 24 52 39 80 65 50 38
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Table5: Stateswith transmission-line field limits
STATE AGENCY WITHIN | AT EDGE OF COMMENTS
RIGHT-OF- | RIGHT-OF-
WAY WAY

a. 60-HzELECTRIC FIELD LIMIT, kV/m

Service Commission

Florida Department of 8 (230kV) 2 Codified regulation, adopted after

Environmental 10 (500 kV) apublic rulemaking hearing in

Regulation 1989.

Minnesota 8 — 12-kV/m limit on the High-

Environmental Quality Voltage Direct Current (HVDC)

Board nominal electric field.

Montana Board of 7 1° Codified regulation, adopted after

Natural Resources and apublic rulemaking hearing in

Conservation 1984.

New Jersey Department - 3 Used only as aguideline for

of Environmental evaluating complaints.

Protection

New Y ork State Public 11.8 16 Explicitly implemented in terms

Service Commission (7,11)1 of a specified right-of-way width.

Oregon Facility Siting 9 - Codified regulation, adopted after

Council apublic rulemaking hearing in
1980.

b. 60-HzMAGNETIC FIELD LIMIT, mG

Florida Department of - 150 (230 kV) | Codified regulations, adopted

Environmental 200 (500 kV) | after apublic rulemaking hearing

Regulation in 1989.

New York State Public - 200 Adopted August 29, 1990.

1 Atroad crossings

2 Landowner may waive limit

Sources: TDHS Report, 1989; TDHS Report, 1990
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Table6: Common noise levels

Sound Level, dBA Noise Sourceor Effect
128 Threshold of pain
108 Rock-and-roll band
80 Truck at 50 ft. (15.2 m)
70 Gas lawnmower at 100 ft. (30 m)
60 Normal conversation indoors
50 Moderate rainfall on foliage
50 Edge of 500-kV right-of-way during rain
40 Refrigerator
25 Bedroom at night
0 Hearing threshold

Adapted from: USDOE, 1996.

Table7: Typical sound attenuation (in decibels) provided by buildings

Windows opened Windows closed
Warm climate 12 24
Cold climate 17 24

Source: EPA, 1978.
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Table8:

Predicted foul-weather audible noise (AN) levels at edge of right-of-
way (ROW) for proposed Santiam - Bethel/Santiam - Chemawa 230-
kV line. AN levels expressed in decibels on the A-weighted scale (dBA).

L 5o and L5 denote the levels exceeded 50 and 5 percent of the time,
respectively. For the parallel-line configurations', the AN level at the edge
of the proposed Santiam - Bethel ROW is given first.

Foul-weather AN
Proposed Existing
Configuration® ROW ft. (m) | Lso, dBA Ls,dBA | ROW ft.(m) | Lso, dBA Ls, dBA
| 125 (38) 39 43 125 (38) 41 44
1 270 (82) 47,52 51, 55 270 (82) 47,52 51, 55

1 Configurations are described in Tables 1 and 2.

Table9:

Predicted fair-weather radio interference (RI) levels at 100 feet

(30.5 m) from the outside conductor of the proposed Santiam -
Bethel/Santiam - Chemawa 230-kV line. RI levels given in decibels
above 1 microvolt/meter (dBuV/m) at 1.0 MHz. Lsq denoteslevel
exceeded 50 percent of thetime. For the parallel-line configurations the RI
level on the side of the proposed Santiam - Bethel ROW is given first.

Fair-weather RI
Proposed Existing
Configuration* L 50, dBuV/m L 50, dBHV/m
I 26 28
1 30, 41 30, 41

1 Configurations are described in Tables 1 and 2.
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Table10: Predicted maximum foul-weather television interference (TVI) levels
predicted at 100 feet (30.5 m) from the outside conductor of the
proposed Santiam - Bethel/Santiam - Chemawa 230-kV line. TVI levels
given in decibels above 1 microvolt/meter (dBuV/m) at 75 MHz. For the
parallel-line configurations, the TVI level on the side of the proposed
Santiam - Bethel ROW is given first.

Foul-weather TVI
Proposed Existing
Configuration* Ls (foul), dBuV/m Ls (foul), dBuV/m
| 10 15
I 12, 27 15, 27

1 Configurations are described in detail in Tables 1 and 2.
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Figure1:

Configurationsfor proposed Santiam - Bethel/Santiam - Chemawa

230-kV line: a) proposed linewith no parallel lines ( Configuration 1);
and b) proposed line with parallel 500-kV line (Configuration I1).

a) Proposed line with no parallel lines (Configuration I) (not to scale)
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Figure2:  Electric-field profilesfor configurations of proposed Santiam -
Bethel/Santiam - Chemawa 230-kV line: a) proposed linewith no parallel line
(Configuration I); and b) proposed line with parallel 500-kV line (Configuration I1).
Fields for maximum voltage and minimum clearances are shown.

a) Proposed line with no paralel line (Configuration I).
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Figure 3:

Bethel/Santiam - Chemawa 230-kV linefor maximum current conditions:

a) proposed linewith no parallel line (Configuration 1); and b) proposed line with

parallel 500-kV line (Configuration I1).

M agnetic-field profilesfor configurations of the proposed Santiam -
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APPENDI X B: ASSESSMENT OF RESEARCH
REGARDING EMF AND HEALTH AND ENVIRONMENTAL
EFFECTS

1.0 Introduction

Over the last 20 years, research has been conducted in the United States (U.S.) and around the world to
examine whether exposures to electric and magnetic fields (EMF) at 50/60 hertz (Hz) from electric power
lines are a cause of cancer, or adversely affect human health. The research included epidemiology studies
that suggested alink with childhood for some types of exposures, aswell as other epidemiology studies
that did not; it also included lifetime animal studies, which showed no evidence of adverse hedth effects.
Comprehensive reviews of the research conducted by governmental and scientific agenciesin the U.S.
and in the United Kingdom (UK) had examined the research, and did not find a basis for imposing
additional restrictions (NIEHS, 1999; IEE, 2000).

The Bonneville Power Administration (BPA) requested that Exponent update the BPA on research on
EMF and health and in relation to exposures that might occur near the Bethel-Santiam Transmission
Project.

This update concentrates on recent major research studies to explain how they contribute to the
assessment of effects of EMF on health (Section 2). The focusis on both epidemiologic and laboratory
research, because these research approaches provide different and complementary information for
determining whether an environmental exposure can affect human health. Section 3, Ecological
Research, reviews studies of potential effects of EMF on plants and animalsin the natural environment.
No additional studies of environmental effects were found in our search of the scientific literature through
May 2001.

2.0 Health

21 TheNIEHSReport and Research Program

In 1998, the NIEHS completed a comprehensive review of the scientific research on health effects of
EMF. The NIEHS had been managing a research program that Congress funded in 1996, in response to
guestions regarding exposure to EMF from power sources. The program was known as the RAPID
Program (Research and Public Information Dissemination Program). The NIEHS convened a panel of
scientists (the “Working Group”) to review and evaluate the RAPID Program research and other research.
Their report, Assessment of Health Effects from Exposure to Power-Line Frequency Electric and
Magnetic Fields, was completed in July 1998 (NIEHS, 1998).

Thedirector of the NIEHS prepared a health risk assessment of EMF and submitted his report to
Congressin June 1999 (NIEHS, 1999). Expertsat NIEHS, who had considered the previous Working
Group report, reports from four technical workshops, and research that became available after June 1998,
concluded asfollows:

The scientific evidence suggesting that EL F-EMF [extremely low frequency-electric and
magnetic field] exposures pose any health risk isweak. The strongest evidence for health
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effects comes from associations observed in human populations with two forms of

cancer: childhood leukemia and chronic lymphocytic leukemiain occupationally exposed
adults. . . . In contrast, the mechanistic studies and animal toxicology literature fail to
demonstrate any consistent pattern . . . . No indication of increased leukemiasin
experimental animals has been observed. . . . Thelack of consistent, positive findingsin
animal or mechanistic studies weakens the belief that this association is actually due to
ELF-EMF, but it cannot completely discount the epidemiology findings. . . . The NIEHS
does not believe that other cancers or other non-cancer health outcomes provide sufficient
evidence of arisk to currently warrant concern (pp. 9-10).

Although the results of the RAPID research are described in some detail in the 1998 report, many of the
studies had not been published in the peer-reviewed literature. Recognizing the need to have these results
reviewed and considered for publication, the NIEHS arranged for a special edition ﬁf the journal
Radiation Research (Radiation Research, 153(5), 2000) to be devoted to this topic.

2.2  Update of Research Related to Cancer

This update includes studies of residential or occupational exposuresto EMF and leukemia that became
available this year (2001), including severa reports from the California Department of Health Services.
That Department conducted a workshop in 1999 to discuss epidemiologic research on EMF and health.
The reports presented at this workshop were published in January 2001 as a supplement to the journal,
Bioelectromagnetics. Many of the papers were technical discussions of methodology issuesin
epidemiologic studies of EMF, including discussions of how better to understand the conflicting results
reported in previous studies (Neutraand Del Pizzo, 2001). For example, one paper eval uated
epidemiology studies to determine whether systematic errors occurred in selection of cases and controls,
or measurement of exposure. Although such systematic errors, or bias, occurred in some studies, there
was insufficient information to assess the effect on results (Wartenberg, 2001a). Other researchers
discuss epidemiol ogic approaches to study how possible confounding factors, such as the age and type of
home and traffic density, might affect the interpretation of studies of EMF and childhood cancer
(Langholz, 2001; Reynolds et al., 2001).

For this update, we review papers from this workshop that provide new information or statistical analyses.
Several of the studies are “meta-analyses,” an approach that incorporates statistical methods to analyze
differences and aggregate the results of smaller studies. The section below includes areview of meta-
analyses of the studies of childhood leukemia through 1999, and a meta-analysis of studies of breast
cancer in adults (Erren, 2001).

221 Epidemiology Studiesof Children

The question of power lines and childhood cancer has been based on the assumption that the relevant
exposure associated with power lines is the magnetic field, rather than the electric field. This assumption
rests on the fact that electric fields are shielded from the interior of homes (where people spend the vast
majority of their time) by walls and vegetation, while magnetic fields are not. The magnetic field in the
vicinity of a power line results from the flow of current; higher currents result in higher levels of magnetic
fields.

! See, for instance, the articles cited in the List of References under Balcer- Kubiczek, Boorman, Loberg, and
Ryan.
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Epidemiologic studies report results in the form of statistical associations. The term “ statistical
association” is used to describe the tendency of two thingsto be linked or to vary in the same way, such
aslevel of exposure and occurrence of disease. However, statistical associations are not automatically an
indication of cause and effect, because the interpretation of numerical information depends on the context,
including (for example) the nature of what is being studied, the source of the data, how the data were
collected, and the size of the study. Thelarger studies and more powerful studies of EMF have not
reported convincing statistical associations between power lines and childhood leukemia (e.g., Linet et dl.,
1997; McBride et al., 1999; UKCCS, 1999). Despite the larger sample size, these studies usualy had a
[imited number of cases exposed over 2 or 3 milligauss (mG).

Epidemiology studies

The following discussion briefly describes major studies.

A study from Germany included 502 children with leukemia and 1,289 control children (Schuz et
al., 2001). Measurements of magnetic-field intensity (50 Hz) were taken for 24 hoursin the
child’ s bedroom. The results were calculated for daytime or nighttime levelsin the bedroom,
rather than for the child’ s overall 24-hour exposure. The authors report an association with
leukemia for mean daytime magnetic-field exposures that might have been due to chance. They
reported an association between mean nighttime magnetic-field levels and leukemia for the
highest exposed group (4 mG or higher; 9 cases). The assessment of exposure by mean field
levelsin the bedroom did not link magnetic-field levels to any specific source. The authors note
in their conclusionsthat “ . . . fewer than one-third of all stronger magnetic fields were caused by
high-voltage powerlines. . .. " (Schuz et al., 2001: 734).

Several aspects of the study detract from the validity of the results: the estimate included a broad
margin of error because only a small humber of caseswas exposed at the higher levels, and many
eligible cases and controls did not participate, which means that the responders may not represent
the population and results could be biased. Another concernisthat these magnetic field
measurements were taken in 1997, long after the relevant exposure period for cases diagnosed in
1990-1994. Magnetic-field levels may have changed over time, as el ectricity usage changed.

A study from British Columbia, Canada, included 462 children who had been diagnosed with
leukemia and an equal number of children without leukemia for comparison (McBrideet al.,
1999). Magnetic-field exposure was assessed for each of the children in severd ways:. personal
monitors were worn in a backpack for 48 hours, a monitor took measurements in the bedroom for
24 hours, the wiring outside the house was rated by potential exposure level (wire codes), and
measurements were taken around the outside perimeter of the homes. (Wire codes are a method
of estimating relative exposure intensity based on the configuration of the power lines.)
Regardless of the method used to estimate magnetic-field exposure, the magnetic-field exposure
of children who had leukemia was not greater than that of the children in the comparison group.

A study conducted in Ontario, Canada reported on the magnetic-field exposure of a smaller group
of children (Green et al., 1999a). No increased risk estimates were found with the average
magnetic fields in the bedroom or the interior, or with any of the three methods of estimating
exposure from wire-configuration codes. A still smaller group of 88 children with leukemia and
their controls wore persona monitors to measure magnetic fields (Green et al., 1999b).
Associations with magnetic fields were reported in some of the analyses, but most of the risk
estimates had a broad margin of error, and major methodological problemsin the study preclude
any clear interpretation of the findings.
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*  The United Kingdom Childhood Cancer Study, the largest study to date, included atotal of 1073
childhood leukemia cases (UK CCS, 1999). Exposure was assessed by spot measurementsin the
home (bedroom and family room) and school, and summarized by averaging these over time. No
evidence was found to support the idea of an increased risk of leukemia from exposures to
magnetic fields from power sourcesinside or outside of the home.

* The UKCCSiinvestigators had obtained magnetic-field measurements on only a portion of the
casesin their study (UKCCS, 1999). To obtain additional information, they used a method to
assess exposure to magnetic fields without entering homes; they were thus able to analyze 50%
more subjects (UKCCS, 2000). For dl these children, they measured distances to power lines
and substations. Thisinformation was used to calculate the magnetic field from these external
field sources, based on power-line characteristics related to production of magnetic fields. The
results of the second UK CCS study showed no evidence for an association with leukemiafor
magnetic fields calculated to be between 1 mG and 2 mG, 2 mG and 4 mG, or 4 mG or greater at
the residence, in contrast to the weak association reported for measured fields of 4 mG or greater
in the first report (UKCCS, 1999).

Researchers have proposed that the associations that are sometimes reported between childhood leukemia
and power lines may be due to other factors that can confound the analysis. One example is heavy traffic,
which may occur near power lines and can increase the levels of potentially carcinogenic chemicalsin the
area. Earlier studies had reported associations between traffic density and childhood cancer (Savitz et al.,
1988). If power lines were more common in areas that had higher traffic density, then the increased air
pollution might explain an association between power lines and childhood cancer. However, more recent
studies seem to eliminate this possibility. In astudy of 90 cases of childhood leukemia, Reynolds et al.
(2001) found no evidence of an association with traffic density. In alarger study that included 986 cases
of childhood leukemia, no association was found with high traffic-density exposure during pregnancy or
childhood (Raaschou-Nielsen et al., 2001). In addition, no association with childhood leukemiaor brain
cancer was found for exposures to benzene or nitrogen dioxide. Associations were reported between
Hodgkin’ s disease and exposure to each of these chemicals.

Meta-analyses of studies of leukemia

Recently, researchers reanalyzed the data from previous epidemiology studies of magnetic fields and
childhood leukemia (Ahlbom et al., 2000; Greenland et a., 2000). The researchers pooled the data on
individuals from each of the studies, creating a study with alarger number of subjects and therefore
greater statistical power than any single study. A pooled analysisis preferable to other types of meta-
analysesin which the results from severa studies are combined from grouped data obtained from the
published studies. These analyses focused on studies that assessed exposure to magnetic fields using
24-hour measurements or cal culations based on the characteristics of the power lines and current load.
Both Ahlbom et al. and Greenland et al. used exposure categories of <0.1 microteda (UT) (<1 mG) asa
reference category. The statistical results of these analyses can be summarized as follows:

e The pooled analyses provided no indication that wire codes are more strongly associated with
leukemia than measured fields.

¢ Pooling these data corroborates an absence of an association between childhood leukemia and
magnetic fields for exposures below 0.3 uT (3 mG).

»  Pooling these data results in a statistical association with leukemiafor exposures greater than
0.30r 0.4 uT (3-4 mG).
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The authors are appropriately cautious in the interpretation of their analyses, and they clearly identify the
limitations in their evaluation of the original studies. Magnetic fields above 0.3 UT in residences are
estimated to be rather rare, about 3% in the U.S. (Zaffanella, 1993). Limitations include sparse data (few
cases) to adequately characterize arelationship between magnetic fields and leukemia, uncertainties
related to pooling different magnetic-field measures without evidence that all of the measures are
comparable, and incomplete and limited data on important confounders (other risk factors for disease that
may distort the analysis) such as housing type and traffic density.

A meta-analysis of the datafrom epidemiologic studies of childhood leukemia studies was presented at
the California Workshop and recently published (Wartenberg, 2001b). This meta-analysis did not have
the advantage of obtaining and pooling the data on all of the individualsin the studies, unlike those
published before it (Ahlbom et a., 2000; Greenland et al., 2000). Rather than individual data,
Wartenberg (2001b) used an approach that extracted the published results, reported as grouped data from
several published studies. He used 19 studies overall, after excluding 7 studies that had insufficient data
onindividuas or deficiencies in the exposure assessment data. He reported aweak association for

a) “proximity to electrical facilities” based on wire codes or distance, and b) magnetic-field level over

2 mG, based on either calculations from wiring and loading characteristics (if available) or on spot
magnetic-field measurements. The results show more cases than controls exposed to measured or
calculated fields above 2 mG. The author concludes that the analysis supports an association, although
the size of the effect is small to moderate, but also notes “limitations due to design, confounding, and
other biases may suggest alternative interpretations’ (Wartenberg, 2001b:S-100).

The results of this meta-analysis are not directly comparable to previous ones regarding fields of 3 or

4 mG because the analysis was not based on individual data. The comparison of grouped data used
different exposure cut points for the analysis and different criteria for the comparison group. None of
these three analyses (Ahlbom et al., 2000; Greenland et al., 2000; Wartenberg, 2001b) includes the results
of the UK analysis of over 3000 cases based on calculated fields, which found no association between
EMF and childhood cancer, regardless of the exposure level.

2.2.2 Epidemiology Studies of Adults

Studies of adults with certain types of cancer, such as brain cancer, breast cancer, or leukemia, have
reported associ ations with exposure to magnetic fields at residences, but results have not been consistent
across studies. Contradictory results among studies argue against a conclusion that the association
reflects a cause-and-effect relationship. In their assessments of risk, scientists give most weight to studies
that include more people, obtain more detailed and individual exposure assessments, and/or include
people who have higher exposures.

A study of 492 adult cases of brain cancer in Californiaincluded measurements of magnetic fields taken
in the home and at the front door, and considered the types of power-line wiring (Wrensch et al., 1999).
The authors report no evidence of increased risk with higher exposures, no association with type of power
line, and no link with levels measured at the front door.

A number of recent studies of breast cancer focused on electric blankets as a source of high exposure.
Electric blankets are assumed to be one of the strongest sources of EMF exposure in the home. Three
studies of electric blanket use found no evidence that long-term use increased the risk of breast cancer.
Women who devel oped breast cancer reported no differencein total use of eectric blankets, use in recent
years, or use many yearsin the past:

e Gammon et al. (1998) reported that, even for those who kept the blanket on most of the time, no
increase in risk was found for those who had longer duration of use (measured in months).
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» A study of 608 breast cancer cases also found no evidence of increased use of electric blankets or
other home appliances in cases compared to controls, and no indication of increasing risk with a
longer time of use (Zheng et al., 2000).

¢ |nacohort of over 120,000 female nurses, data were obtained on known risk factors for breast
cancer aswell as electric-blanket use (Laden et al., 2000). For alarge subset of this group, the
guestions about exposure were asked before the disease occurred, a step taken to eliminate biasin
recalling exposure.

Erren (2001) reported the results of a meta-analysis of the studies of breast cancer, in which the results of
24 different studiesin women were statistically aggregated. When the results of al 24 studies were
pooled, including studies of workplace exposures, the estimate indicated an association between EMF and
asmall excess breast cancer risk. The pooled results for exposure to EMF in the vicinity of electrical
facilities did not show an association with breast cancer, nor did the results for exposure to EMF from
appliance use. However, the meta-analysis also showed a lack of consistency among the results of the
individual studies, a broad variation in the designs, and a wide range of methods used to assess exposure.
No adjustments were made to the data to give increased weight to studies based on more comprehensive
exposure assessments. The author also noted that the weak statistical association might be an artifact (a
result of chance or unforeseen error) rather than an indication of a cause-and-effect relationship (Erren,
2001).

2.2.3 Laboratory Studiesof EMF

Laboratory studies complement epidemiologic studies of people because the effects of heredity, diet, and
other health-related exposures of animals can be better controlled or eliminated. The assessment of EMF
and health, as for any other exposure, includes chronic, long-term studiesin animals (in vivo studies) and
studies of changesin genes or other cellular processes observed in isolated cells and tissuesin the
laboratory (in vitro).

Although the results of the RAPID Program were described in some detail in the NIEHS reports (NIEHS,
1998), many of the studies had not been published in the peer-reviewed literature. The RAPID research
program included studies of four biological effects, each of which had been observed in only one
laboratory. These effects are as follows: effects on gene expression, increased intracellular calciumin a
human cell line, proliferation of cell colonies on agar, and increased activity of the enzyme ornithine
decarboylase (ODC). Some scientists have suggested that these biological responses are signs of possible
adverse health effects of EMF. It is standard scientific procedure to attempt to replicate resultsin other
laboratories, because artifacts and investigator error can occur in scientific investigations. Replications,
often using more experiments or more rigorous protocols, help to ensure objectivity and validity.
Attempts at replication can substantiate and strengthen an observation, or they may discover the
underlying reason for the observed response.

Studiesin the RAPID program reported no consistent biological effects of EMF exposure on gene
expression, intracellular calcium concentration, growth of cell colonies on agar, or ODC activity
(Boorman et al., 2000b). For example, Loberg et al. (2000) and Balcer-Kubiczek et a. (2000) studied the
expression of hundreds of cancer-related genesin human mammary or leukemiacell lines. They found
no increase in gene expression with increased intensity of magnetic fields. To test the experimental
procedure, they used X-rays and treatments known to affect the genes. These are known as positive
controls and, as expected, caused gene expression in exposed cells.
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Scientists have concluded that the combined animal bioassay results provide no evidence that magnetic
fields cause, enhance, or promote the devel opment of leukemia and lymphoma, or mammary cancer (e.g.,
Boorman et al., 1999; McCormick et al., 1999; Boorman et al., 2000 a, b; Anderson et al., 2001).

224 Summary Regarding Cancer

Epidemiology studies do not support the ideathat EMF from power lines increase therisk of cancersin
adults. The latest epidemiologic studies of childhood cancer, considered in the context of the other data,
provide no persuasive and consistent evidence that leukemiain children is causally associated with
magnetic fields measured at the home, calculated based on distance and current loading, or with wire
codes. Recent meta-analyses reported no association between childhood cancer and magnetic fields
below 2 or 3mG. Although some association was reported for fields above thislevel, fields at most
residences are likely to be below 3 or 4 mG. The authors of each of these analyseslist severa biases and
problems that render the datainconclusive, and prevent resolution of the inconsistenciesin the
epidemiologic data. For this reason, laboratory studies can provide important complementary
information. Large, well-conducted animal studies provide no convincing evidence that exposure
increases therisk of cancer. Animal studies, and studies of initiation and promotion, provide no basisto
conclude that EMF increases leukemia, lymphoma, breast, brain, or any other type of cancer.

2.3  Research Related to Reproduction

Previous epidemiol ogic studies reported no association with birth weight or fetal growth retardation after
exposure to sources of relatively strong magnetic fields, such as electric blankets, or sources of typically
weaker magnetic fields such as power lines (Bracken et al., 1995; Belanger et d., 1998).

A recent epidemiology study examined mi scarriage@in relation to exposures to magnetic fields from
electric bed-heating (el ectric blankets, heated waterbeds and mattress pads), which result in higher
exposures than residential fieldsin genera (Leeet al., 2000). The researchers assessed exposure prior to
the birth (a prospective study) and included information to control for potential confounding factors (other
exposures and conditions that affect the risk of miscarriage). This study had alarge number of cases and
high participation rates. Miscarriage rates were lower among users of electric bed heating.

Studies of laboratory animals exposed to pure 60-Hz fields have shown no increase in birth defects, no
multigenerational effects, and no changes that would indicate an increase in miscarriage or loss of fertility
(e.g., Ryanetal., 1999; Ryan et a., 2000). Exposed and unexposed litters were no different in the
amount of fetal loss and the number and type of birth defects, indicating no reproductive effect of EMF.

In summary, the recent evidence from epidemiology and laboratory studies provides no indication that
exposure to power-frequency EMF has an adverse effect on reproduction, pregnancy, or growth and
development of the embryo. The results of these recent studies are consistent with the conclusions of the
NIEHS.

24  Other Recent Reviews by Scientific Advisory Groups

Reviews of the scientific research regarding EMF and health by Health Council of the Netherlands and
the Institute of Electrical Engineers of the UK were published in 2000. The National Radiological

2 The medical term for miscarriage is spontaneous abortion.
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Protection Board of Great Britain (NRPB) Advisory Group on Non-lonizing Radiation published the most
recent review in 2001. Thisreview includes research published in 2000, and includes the most
comprehensive discussion of the individual research studies.

24.1 National Radiological Protection Board of Great Britain (NRPB) Advisory Group on Non-
lonising Radiation

The conclusions from the report prepared by the NRPB’s Advisory Group on Non-lonising Radiation
(AGNIR) on extremely low frequency (ELF) EMF and the risk of cancer are consistent with previous
reviews. Members from universities, medical schools, and cancer research ingtitutes reviewed the reports
of experimental and epidemiological studies, including reportsin the literature in 2000. Their genera
conclusions are asfollows:

Laboratory experiments have provided no good evidence that extremely low frequency
electromagnetic fields are capable of producing cancer, nor do human epidemiological
studies suggest that they cause cancer in general. Thereis, however, some epidemio-
logical evidence that prolonged exposure to higher levels of power frequency magnetic
fieldsis associated with a small risk of leukaemiain children. In practice, such levels of
exposure are seldom encountered by the general publicin the UK [or inthe US] (NRPB,
2001: 164).

The group further recognizes that the scientific evidence suggesting that exposure to power-frequency
electromagnetic fields poses an increased risk of cancer isvery weak. Virtualy all of the cellular, animal,
and human |aboratory evidence provides no support for an increased risk of cancer incidence following
such exposure to power frequencies, athough sporadic positive findings have been reported. In addition,
the epidemiological evidenceis, at best, weak.

These conclusions of the Advisory Group are consistent with previous reviews by the NIEHS (1999) and
the Health Council of the Netherlands (HCN, 2000). The NRPB response to the Advisory Group report
states “the review of experimental studies by [the Advisory Group] AGNIR gives no clear support for a
causal relationship between exposure to ELF-EMFs and cancer” (NRPB, 2001:1).

2.4.2 Health Council of the Netherlands

The Health Council of the Netherlands has prepared an update of its 1992 Advisory Report on exposure
to electromagnetic fields (0 Hz to 10 MHz) (HCN, 2000). Members of the Expert Committee prepared
thereport. The Expert Committee based its analysis on the review and summaries of the studies provided
in the NIEHS (1998) and concurred with the views of the director of the NIEHS (1999). For the update,
the Committee evaluated a number of publications that appeared after these reports, e.g., McBride et al.
(1999) and Green et al. (1999a), and wrote:

The committee thinks that the quality of the relevant epidemiological research has
improved considerably since the publication of the advisory report in 1992. Even so, this
research has not resulted in unequivocal, scientifically reliable conclusions (p. 15).

The Council emphasizes that the associations with EMF reported in epidemiologic studies are strictly
statistical and do not demonstrate a cause-and-effect relationship. In their view, experimental research
does not demonstrate a causal link or a mechanism to explain EMF as a cause of disease in humans. They
concluded that there is no reason to recommend measures to limit residence near overhead power lines
(HCN, 2000).
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2.4.3 Institution of Electrical Engineers (IEE) of Great Britain

One of the recent reviews was that of the Institution of Electrical Engineers (IEE) of Great Britain (IEE,
2000). In 1992, the IEE set up a Working Party whaose eight members, with broad expertise in the health
sciences, review the relevant scientific literature and prepare reports of their views. Their conclusion is
based on recent major epidemiologic studies and the scientific literature built up over the past 20 years.
In May 2000, the Working Party concluded “ . . . that there is still not convincing scientific evidence
showing harmful effects of low level electromagnetic fields on humans’ (IEE, 2000:1).

3.0 Ecological Research

Scientists have studied the effects of high-voltage transmission lines on many plant and animal speciesin
the natural environment. In this section, we briefly review the research on the effects of EMF on
ecological systems to assess the likelihood of adverse impacts. In addition to the comprehensive review
of research on thistopic by wildlife biologists at the BPA (Lee et a., 1996), we searched the published
scientific literature for more recent studies published between 1995 and May 2001.

3.1 Fauna

The habitat on the transmission-line right-of-way and surrounding area shields most wildlife from electric
fields. Vegetation in the form of grasses, shrubs, and small trees largely shields small ground-dwelling
species such as mice, rabbits, foxes, and snakes from electric fields. Species that live underground, such
as moles, woodchucks, and worms, are further shielded from electric fields by the soil. Hence, large
species such as deer and domestic livestock (e.g., sheep and cattle) have greater potential exposuresto
electric fields since they can stand taller than surrounding vegetation. However, the duration of exposure
for deer and other large animalsis likely to be limited to foraging bouts or the time it takes them to cross
under the line. Furthermore, al species would be exposed to higher magnetic fields under a transmission-
line than elsewhere, as the vegetation and soil do not provide shielding from this aspect of the
transmission-line electrical environment.

Field studies have been performed in which the behavior of large mammals in the vicinity of high-voltage
transmission lines was monitored. No effects of electric or magnetic fields were evident in two studies
from the northern United States on big game species, such as deer and elk, exposed to a 500-kV
transmission line (Goodwin 1975; Picton et al., 1985). In such studies, a possible confounding factor is
audible noise. Audible noise associated with high-voltage power transmission lines (with voltages greater
than 110-kV) is due to corona. Audible noise generated by transmission lines reaches its highest levelsin
inclement weather (rain or snow).

Much larger popul ations of animals that might spend time near a transmission line are livestock that graze
under or near transmission lines. To provide a more sensitive and reliable test for adverse effects than
informal observation, scientists have studied animals continuously exposed to fields from the linesin
relatively controlled conditions. For example, grazing animals such as cows and sheep have been
exposed to high-voltage transmission lines and their reproductive performance examined (Leeet al.,
1996). In some studies, the effects of exposure over one or more successi ve breedings were examined
(Angéell et a., 1990). Compared to unexposed animalsin asimilar environment, it was found that the
exposure did not affect reproductive functions or pregnancy of cows (Algers and Hennichs, 1985; Algers
and Hultgren, 1987).

A group of investigators from Oregon State University, Portland State University, and other academic
centers evaluated the effects of long-term exposure to EMF from a 500-kV transmission line operated by
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BPA on various cdlular aspects of immune response, including the production of proteins by leukocytes
(IL-1 and IL-2) of sheep. In previous unpublished reports, the researchers found differencesin IL-1
activity between exposed and control groups. However, in their most recent replication, the authors found
no evidence of differencesin these measures of immune function. The sheep were exposed to 27 months
of continuous exposure to EMF, a period of exposure much greater than the short, intermittent exposures
of sheep grazing under transmission lines. Mean exposures of magnetic and electric fields were 3.5-

3.8 UT (35-38 mG) and 5.2-5.8 kV/m, respectively (Hefeneider et a., 2001).

Scientists from Illinois Institute of Technology (11T) monitored the possible effects of e ectric and
magnetic fields on fauna and florain Michigan and Wisconsin from 1969 — 1997 to evaluate the effects of
an above-ground, military-communications antenna operating at 76 Hz. The antenna produces EMF
similar in physical characteristicsto those produced by high-voltage transmission lines, but of much
lower intensity. This study included embryonic development, fertility, postnatal growth, maturation,
aerobic metabolism, and homing behavior, and showed no adverse impacts of ELF electric and magnetic
fields on the animals (NRC, 1997).

The hormone melatonin, secreted at night by the pineal gland, plays arolein animals that are seasonal
breeders. Studiesin laboratory mice and rats have suggested that exposure to electric and/or magnetic
fields might affect levels of the hormone melatonin, but results have not been consistent (Wilson et d .,
1981; Holmberg, 1995; Kroeker et al., 1996; Vollrath et al., 1997; Huuskonen et al., 2001). However,
when researchers examined sheep and cattle exposed to EMF from transmission lines exceeding 500-kV,
they found no effect on the levels of the hormone melatonin in blood, weight gain, onset of puberty, or
behavior in sheep and cattle (Stormshak et al., 1992; Leeet a., 1993; Leeet a., 1995; Thompson et d.,
1995; Burchard et a., 1998).

Another part of the I T study examined the effect of the antenna system fields on the growth,
development, and homing behavior of birds. Studies of embryonic development (Beaver et al., 1993),
fertility, postnatal growth, maturation, aerobic metabolism, and homing behavior showed no adverse
impacts of ELF electric and magnetic fields on the animals (NRC, 1997). Fernie and colleagues studied
the effects of continuous EMF exposure of raptors to an electric field of 10 kV/m in a controlled,
laboratory setting. The exposure was designed to mimic exposure to a 765-kV transmission line.
Continuous EMF exposure was found to reduce hatching success, yet increase egg size, fledging success,
and embryonic development (Fernie et a., 2000). In astudy of the effects on body mass and food intake
of reproducing falcons, the authors found that EMF lengthened the photoperiod as a result of altered
melatonin levelsin the male species, yet concluded that “ EMF effects on adult birds may only occur after
continuous, extended exposure,” which is not likely to occur from resting on power lines (Fernie and
Bird, 1999:620).

Several avian species are reported to use the earth’s magnetic field as one of the cues for navigation. It
has been proposed that deposits of magnetite in specialized cellsin the head are the mechanism by which
the birds can detect variations in the inclination and intensity of a dc magnetic field (Kirschvink and
Gould, 1981; Walcott et d., 1988). In early studies of transmission lines, it was reported that the
migratory patterns of birds appeared to be altered near transmission lines (Southern, 1975; Larkin and
Sutherland, 1977). However, these studies were of crude design, and Lee et al. (1996) concluded that,
“During migration, birds must routingly fly over probably hundreds (or thousands) of electrical
transmission and distribution lines. We are not aware of any evidence to suggest that such lines are
disrupting migratory flights’ (p. 4-59). No further studies on this topic were identified in the literature.

Bees, like birds, are able to detect the earth’ s dc magnetic fields. They are known to use magnetite
particles, which are contained in an abdominal organ, as a compass (Kirschvink and Gould, 1981). Inthe
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laboratory, they are able to discriminate between alocalized magnetic anomaly and a uniform background
dc magnetic field (Walker et al., 1982; Kirschvink et al., 1992).

Greenberg et a. (1981) studied honeybee colonies placed near 765-kV transmission lines. They found
that hives exposed to electric fields of 7 kV/m had decreased hive weight, abnormal amounts of propolis
(aresinous material) at hive entrances, increased mortality and irritability, loss of the queen in some
hives, and a decrease in the hive' s overall survival compared to hives that were not exposed. Exposure to
eectric fields of 7-12 kV/m may induce a current or heat the interior of the hive; however, placing the
hive farther from the line, shielding the hive, or using hives without metallic parts eliminates this
problem. ITT studied the effects of EMF on bees exposed to the 76-Hz antenna system at lower
intensities and concluded that these behavioral effects of “ELF-EMF impacts are absent or at most
minimal” (NRC, 1997:102).

Reptiles and amphibians contribute to the overall functioning of the forest ecosystems. However, little
research has been performed on the effects of EMF on reptiles and amphibiansin their natural habitat.

3.2 Flora

Numerous studies have been carried out to assess the effect of exposure of plants to transmission-line
electric and magnetic fields. These studies have involved both forest species and agriculture crops.
Researchers have found no adverse effects on plant responses, including seed germination, seedling
emergence, seedling growth, leaf area per plant, flowering, seed production, germination of the seeds,
longevity, and biomass production (Lee et al., 1996).

The only confirmed adverse effect of transmission lines on plants was reported for transmission lines with
voltages above 1200-kV. For example, Douglas Fir trees planted within 15 m of the conductors were
shorter than trees planted away from the line. Shorter trees are believed to result from corona-induced
damage to the branch tips. Trees between 15 and 30 m away from the line suffered needle burns, but
those 30 m and beyond were not affected (Rogers et a., 1984). These effects would not occur at the
lower field intensities expected beyond the right-of -way of the proposed 500-kV transmission line.

3.3 Summary

The habitat on the transmission-line rights-of-way and surrounding areas shield smaller animals from
electric fields produced by high-voltage transmission lines; thus, vegetation easily shields small animals
from electric fields. The greatest potential for larger animals to be exposed to EMF occurs when they are
passing beneath the lines. Studies of animal reproductive performance, behavior, melatonin production,
immune function, and navigation have found minimal or no effects of EMF. Past studies have found little
effect of EMF on plants; no recent studies of plants growing near transmission lines have been performed.
In summary, the literature published to date has shown little evidence of adverse effects of EMF from
high-voltage transmission lines on wildlife and plants. At the field intensities associated with the
proposed 230-kV transmission line, no adverse effects on wildlife or plants are expected.
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Ph.D. in Epidemiology and an M.S. in Biostatistics and Epidemiology from The University of Oklahoma
Health Sciences Center. Dr. Erdreich is an epidemiologist with specific expertise in biological and health
research related to non-ionizing radiation, both radiofrequency and power-frequency fields. Formerly,
she was Acting Section Chief and Group Leader of the Methods Evaluation and Development Staff at the
U.S. Environmental Protection Agency (EPA) and Senior Epidemiologist of the Environmental Criteria
and Assessment Office at the EPA. While at the EPA, she developed methods in quantitative health risk
assessment, coordinated the drafting of federal guidelines, and participated in science policy decisions.
Both in government and private industry, she has provided rigorous eval uations of the impact on public
health or occupational health of avariety of chemicals, therapeutic drugs, and physical agents, including
electric and magnetic fields. Asamember of the Institute of Electrical and Electronics Engineers (IEEE)
Standards Coordinating Committees on Non-lonizing Radiation, Dr. Erdreich is chairman of aworking
group to eval uate epidemiologic data on radiofrequency exposures (3 kHz—300 Ghz). She has been
appointed as a member of the Committee on Man and Radiation (COMAR) of the IEEE’ s Engineeringin
Biology and Medicine Society. Dr. Erdreich serves as Adjunct Associate Professor at the University of
Medicine & Dentistry of New Jersey.

William H. Bailey, Ph.D., isaPrincipal Scientist and manages the Health Group scientists in Exponent’s
New Y ork office. Beforejoining Exponent, Dr. Bailey was President of Bailey Research Associates, Inc.,
the oldest research and consulting firm with specialized expertise in electro-magnetic fields and health.
Dr. Bailey speciaizesin applying state-of-the-art assessment methods to environmental health and impact
issues. His 30 years of training and experience include laboratory and epidemiologic research, health risk
assessment, and comprehensive exposure analysis. Dr. Bailey is particularly well known for his research
on potentia health effects of electromagnetic fields and is active in setting |EEE standards for human
exposure to electromagnetic fields. He uses advanced analytical and statistical methods in the design and
analysis of both experimental studies and epidemiology and survey research studies. In addition, Dr.
Bailey's postgraduate training in the social, economic, and behavioral sciences is helpful in assessing the
important effects of social, economic, and community factors on health risks and vulnerability to
environmental impactsin health and environmental justice research. Heisamember of aworking group
that advises acommittee of the World Health Organization on risk assessment, perception, and
communication. Dr. Bailey isalso avisiting scientist at the Cornell University Medica College. He was
formerly Head of the Laboratory of Neuropharmacology and Environmental Toxicology at the New Y ork
State Institute for Basic Research, Staten Island, New Y ork, and an Assistant Professor and NIH
postdoctoral fellow in Neurochemistry at The Rockefeller University in New Y ork.

Maria DeJoseph, M.S,, is an Epidemiologist in Exponent's Health Group and is based in New Y ork,
New York. Ms. DeJoseph has a background in epidemiology and biological sciences. She served asthe
primary investigator for a case-control epidemiologic study of her design to investigate a mediastinitis
outbreak in cardiothoracic surgery patients. Ms. De Joseph aso has recruited and interviewed subjects,
and analyzed hormone levels for an epidemiologic breast cancer study. She has conducted phytochemical
analyses of medicinal plants, including the isolation and fractionation of tropical plants used medicinaly
by indigenous peoples and primates of Central and South America. Ms. DeJoseph has served as an
ethnobotanical and zoopharmacological field researcher in Mexico, Costa Ricaand Venezuela. She has
used a variety of methods to identify chemical and prospective pharmaceutical compounds, including
HPLC, column chromatography, anti-microbia assays, gas chromatography mass spectrometry (GC-MS),
and nuclear magnetic resonance spectroscopy (NMR). Before joining exponent, Ms. DeJoseph was a
Research Assistant in the Medical School, Division of Epidemiology at Stanford University.

Appendix B/17



Bonneville Power Administration/Santiam-Bethel Transmission Projects
Appendix B: Assessment of Research regarding EMF and Health and Environmental Effects

This page intentionally left blank.

Appendix B/ 18



	SantiamBethelPEA.pdf
	Need for and Purpose of Action
	Introduction
	Underlying Need for Action
	Purposes
	Public Involvement

	Proposed Action and Alternatives
	Proposed Action
	No Action Alternative
	Alternatives Eliminated from Consideration
	Construct a New Single-Circuit Line
	Reconductor the Single-Circuit Line
	Conservation
	Building an Underground Transmission Line

	Comparison of Alternatives

	Affected Environment and Environmental Impacts
	Land Use
	Affected Environment
	Potential Impacts of the Proposed Action
	Agricultural Lands
	Residential and Commercial Lands
	3.1.2.3   Property Impacts

	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Socioeconomics
	Affected Environment
	Population and Demographics
	Employment, Economy, and Income

	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Visual Resources
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts

	Recreation
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts

	Soils and Geology
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action
	
	
	
	Minimizing disturbance and erosion is a concern at all transmission tower erection sites, construction staging areas, and where access roads would be modified or improved.  By following best management practices, impacts would be reduced or eliminated at





	Vegetation
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Threatened and Endangered Species
	Cumulative Impacts
	Mitigation for the Proposed Action
	
	
	TE




	Fish and Wildlife
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Threatened and Endangered Species
	Cumulative Impacts
	Mitigation for the Proposed Action

	Wetlands
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Floodplains
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Water Quality
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Cultural Resources
	Affected Environment
	Potential Impacts of the Proposed Action
	Potential Impacts of the No Action Alternative
	Cumulative Impacts
	Mitigation for the Proposed Action

	Public Health and Safety
	Exposure to Electric and Magnetic Fields
	Transmission Lines
	Regulations and Guidelines

	Electric and Magnetic Field Effects
	Calculated Values for Electric Fields
	Calculated Values for Magnetic Fields

	Noise and Radio/Television Interference
	Audible Noise
	Radio and Television Interference
	
	
	Corona occurs where high electric field strength on conductors, insulators, and hardware imparts sufficient energy to charged particles to cause ionization (molecular breakdown) of the air.  Corona may interfere with radio and television reception by gen




	Fire
	Potential Impacts of the No Action Alternative
	Mitigation for the Proposed Action


	Environmental Consultation, Review, and Permit Requirements
	National Environmental Policy Act
	Threatened and Endangered Species
	Fish and Wildlife Conservation
	Essential Fish Habitat
	Migratory Bird Treaty Act

	Cultural and Historical Resources
	National Historic Preservation Act
	Archaeological Resources Protection Act
	4.4.3   American Indian Religious Freedom Act
	4.4.4   Historic Sites Act
	Native American Graves Protection and Repatriation Act

	State, Areawide, and Local Plan and Program Consistency
	Floodplains and Wetlands Protection
	4.6.1   Floodplain/Wetland Assessment

	Farmland Protection Policy Act
	Discharge Permits under the Clean Water Act
	Federal
	State

	Permits for Structures in Navigable Waters
	4.10 Noise Control Act
	4.11 Global Warming
	4.12 Executive Order on Environmental Justice
	4.13 Resource Conservation and Recovery Act
	State Agency Authorities and Regulations
	Safe Drinking Water Act
	Federal Insecticide, Fungicide, and Rodenticide Act
	Toxic Substances Control Act
	Clean Air Act
	Permits for Rights-of-Way on Public Lands
	Energy Conservation at Federal Facilities
	Notice to the Federal Aviation Administration

	Persons and Agencies Consulted
	Federal Agencies
	State Agencies
	Local Agencies
	Tribes
	Utilities
	Landowners

	References
	Glossary and Acronyms
	
	
	
	
	
	Acronyms
	Technical Terms






	AppendixA.pdf
	1.0	Introduction
	2.0	Physical Description
	2.1	Proposed Line
	2.2	Existing Lines

	3.0	Electric Field
	3.1	Basic Concepts
	3.2	Transmission-line Electric Fields
	3.3	Calculated Values of Electric Fields
	3.4	Environmental Electric Fields

	4.0	Magnetic Field
	4.1	Basic Concepts
	4.2	Transmission-line Magnetic Fields
	4.3	Calculated Values for Magnetic Fields
	4.4	Environmental Magnetic Fields

	5.0	Electric and Magnetic Field (EMF) Effects
	5.1	Electric Fields:  Short-term Effects
	5.2	Magnetic Field:  Short-term Effects

	6.0	Regulations
	7.0	Audible Noise
	7.1	Basic Concepts
	7.2	Transmission-line Audible Noise
	7.3	Predicted Audible Noise Levels
	7.4	Discussion
	7.5	Conclusion

	8.0	Electromagnetic Interference
	8.1	Basic Concepts
	8.2	Radio Interference (RI)
	8.3	Predicted RI Levels
	8.4	Television Interference (TVI)
	8.5	Predicted TVI Levels
	8.6	Interference with Other Devices
	8.7	Conclusion

	9.0	Other Corona Effects
	10.0	Summary
	List of References Cited
	L
	List of Preparers

	AppendixB.pdf
	SANTIAM-BETHEL TRANSMISSION PROJECT
	June 2001
	Bonnneville Power Administration


	Table of Contents
	1.0	Introduction
	Health
	2.1	The NIEHS Report and Research Program
	2.2	Update of Research Related to Cancer
	2.2.1	Epidemiology Studies of Children
	2.2.2	Epidemiology Studies of Adults
	2.2.3	Laboratory Studies of EMF
	2.2.4	Summary Regarding Cancer

	2.3	Research Related to Reproduction

	2.4	Other Recent Reviews by Scientific Advisory Groups
	
	2.4.1	National Radiological Protection Board of Great Britain (NRPB) Advisory Group on Non-Ionising Radiation
	2.4.2	Health Council of the Netherlands
	2.4.3	Institution of Electrical Engineers (IEE) of Great Britain


	3.0 	Ecological Research
	3.1	Fauna
	3.2	Flora
	3.3	Summary

	LIST OF REFERENCES
	LIST OF PREPARERS

	tbl062801EMF.pdf
	New Line
	Configuration
	Table 2:	Possible corridors for Santiam - Bethel Project

	Configuration
	Existing
	
	Table 6:	Common noise levels





